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REMARKS 

Entry of the foregoing, reexamination and reconsideration of the subject application, 
as amended, pursuant to and consistent with 37 C.F.R. § 1.112, are respectfully requested in 
light of the remarks which follow. 

I. Amendments to the Specification 

By the foregoing amendments to the specification, the sequence identifiers have been 
inserted (see below for more detail). 

II. Amendments to the Claims 

By the foregoing amendments to the claims, claims 1-4, 6-11, 13, 14, 16-20, and 57- 
61 have been amended, new claims 62-65 have been added, and claim 21 has been canceled. 

In particular, claims 1-4 have been amended to clarify that the oocytes, blastocyts, and 
resultant stem cell lines are human. 

Claims 16, 18, and 19 have been amended to clarify that the feeder cells of at least 
one of step ii) and step iv) are embryonic, of mouse or human origin, or mitotically 
inactivated, respectively. 

Claims 4, 9, 60, and 61 have been amended by deleting the word "about." 

Other amendments have been made to the claims to clarify the claim language. These 
amendments are merely editorial in nature and are not intended to change the scope of the 
claims or elements recited therein. 

New claims 62-65 recite that the feeder cells of step ii) and step iv) are human or 
mouse embryonic feeder cells, or more particularly human or mouse embryonic fibroblasts. 
Claims 62-65 are supported in at least at page 7, lines 4-8 and in the examples {see, e.g.. 
Example 4 at page 17). 

The amendments to the claims, including cancellation of claims, have been made 
without prejudice or disclaimer to any subject matter recited or canceled herein. Applicant 
reserves the right to file one or more continuation and/or divisional applications directed to 
any canceled subject matter. No new matter has been added, and entry of the foregoing 
amendments of the above-identified application is respectfully requested. 
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III. Response to Objection to the Sequence Listing 

The Examiner has stated that the present application fails to comply with the 
Sequence Listing requirements under 37 C.F.R. §§ 1.821(a)(1) and (a)(2). 

Applicant submits herewith a Sequence Listing that contains all of the sequences set 
forth in the specification that are encompassed by the sequence definitions set forth in 37 
C.F.R. §§ 1.821(a)(1) and (a)(2). In particular, Applicant submits herewith a computer 
readable form (CRF) copy of the Sequence Listing, a paper copy of the Sequence Listing, and 
the required statement to support the Sequence Listing. In addition. Applicant has amended 
the specification to identify each sequence with the corresponding sequence identification 
number. 

In view of the above. Applicant respectfully requests reconsideration and withdrawal 
of this objection. 

IV. Response to Objection to the Claims 

Claim 17 has been objected to because it does not have an appropriate article before 
the term "animal source." 

Applicant has amended claim 17 to recite "an animal source," as suggested by the 
Examiner. 

Accordingly, Applicant respectfully requests reconsideration and withdrawal of this 
objection. 

V. Response to Claim Rejections Under 35 U.S.C. § 112, First Paragraph 

Claims 1-21, 35, and 57-61 have been rejected under 35 U.S.C. § 112, first paragraph, 
as purportedly lacking enablement. 

Specifically, the Examiner has acknowledged that the specification enables obtaining 
pluripotent human blastocyst-derived stem cells wherein the inner cell mass cells are co- 
cultured on fibroblast feeder cells, and the blastocyst-derived stem cell line is propagated in 
fibroblast feeder cells. However, it is the Examiner's position that the specification does not 
enable culturing inner cell mass cells or blastocyst-derived stem cell lines on feeder cells 
other than fibroblast feeder cells. 

In support of this position, the Examiner has stated that the working examples in the 
specification are directed to culturing human blastocyst-derived stem cell lines on embryonic 
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mouse fibroblasts, and does not provide guidance with regard to other types of feeder cells. 
The Examiner has further stated that the art teaches that human embryonic stem cells require 
fibroblast feeder cells, and that alternative effective methods of culturing human embryonic 
stem cells are not known. This rejection is respectfully traversed, for at least the following 
reasons: 

Applicant submits that a person of ordinary skill in the art would have reasonably 
predicted that additional feeder cells within the scope of the claims are likely to be effective 
in propagating pluripotent human blastocyst-derived stem cell lines. As stated in Capon v. 
Eshhar, 418 F.3d 1349, 1359, (Fed. Cir. 2005), "it is not necessary that every permutation 
within a generally operable invention be effective in order for an inventor to obtain a generic 
claim, provided that the effect is sufficiently demonstrated to characterize a generic 
invention." Also, the scope of enablement must only bear a "reasonable correlation" to the 
scope of the claims. See, e.g., In re Fisher, 427 F.2d 833, 166 (CCPA 1970). 

Furthermore, Lee et al.. Biology of Reproduction 72:42-49 (2005) have shown that 
human uterine endometrial cells can be used as feeders for the establishment and culture of 
human embryonic stem cell lines. Other establishment methods are also described in 
Ellerstrom et al.. Stem Cells 24:2170-2176 (2006). Copies of the Lee et al. and Ellerstrom et 
al. papers are submitted herewith for the Examiner's reference. 

Thus, the methods recited in the present claims are enabled commensurate in scope 
with the claims. Accordingly, Applicant respectfully requests reconsideration and 
withdrawal of this rejection. 

VL Response to Claim Rejections Under 35 U.S.C. § 112, Second Paragraph 
Claims 1-21, 35, and 57-61 have been rejected under 35 U.S.C. § 1 12, second 
paragraph, as purportedly indefinite for the following reasons: 

A. The Examiner has stated that claims 1-4 are confusing because although the 
preamble recites that the stem cell line is human, the method steps themselves are not 
directed to a human stem cell line. 

In response, claims 1-4 have been amended to recite that the oocytes, blastocyts, and 
resultant stem cell lines are human, as suggested by the Examiner. 
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B. The Examiner has indicated that the phrase "less than about" renders claims 9, 60, 
and 61 indefinite, because the phrase is relative. 

In response, claims 4, 9, 60, and 61 have been amended by deleting the word "about." 

C. The Examiner has stated that the limitation "the stem cells" in claims 9 and 10 
lacks antecedent basis. 

In response, claims 9 and 10 have been amended by replacing "the stem cells" with 
"the pluripotent human blastocyst-derived stem cell line." 

D. The Examiner has stated that claims 1 1 and 16 are confusing because it is not 
clear which "feeder cells" are referred to. 

In response, claim 1 1 has been amended by clarifying that the feeder cells referred to 
in the claim are the feeder cells in step iv). In addition, claim 16 has been amended to recite 
that the feeder cells of at least one of step ii) and step iv) are embryonic feeder cells. 

E. The Examiner has stated that claim 14 is imclear because it recites the term 
"and/or." 

In response, claim 14 has been amended by replacing the term "and/or" with the 
phrase "at least one of." 

F. The Examiner has stated that claim 18 is imclear because it is not clear whether 
the claim is intended to limit the feeder cells of step ii) or step iv). 

In response, claim 1 8 has been amended to recite that "the feeder cells of at least one 
of step ii) and step iv) are of mouse or human origin." 

In view of the above, Applicant respectfully requests reconsideration and withdrawal 
of the objections to the claims. 

VII. Response to Claim Rejection Under 35 U.S.C. § 102 

Claim 21 has been rejected under 35 U.S.C. § 102(b) as allegedly being anticipated by 
"Thomson (1998)" (Thomson et al.. Science 282, 1 145-1 147 (1998)). 
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To expedite prosecution in the present application, and not to acquiesce to the 
Examiner's rejection, claim 21 has been canceled. Thus, this rejection has been rendered 
moot. 

VIII. Response to Claim Rejections Under 35 U.S.C. § 103 

A. Claims 1-3, 5-7, 12, 13, 16-20, 21 and 57-59 have been rejected under 35 U.S.C. § 
103(a) as allegedly being unpatentable over "Thomson (2001)" (U.S. Patent No. 6,200,806, 
issued March 13, 2001) when taken with Thomson (1998), Rijnders et al. (Human 
Reproduction 13, 2869-2873 (1998)), and Lanzendorf et al. (Fertility and Sterility 76, 132- 
137 (July 2001)), as evidenced by Stem Cell Information (National Institutes of Health, 
Appendix C, pages 1-4, accessed online at 

http://stemcells.nih.gov/info/scireport/appendixC.asp, January 31, 2007). This rejection is 
respectfully traversed, for at least the following reasons: 

According to the Examiner, Thomson (2001) teaches methods for the production of 
primate embryonic stem cells, (ES cells), including human ES cells. However, Thomson 
(2001) only exemplifies the preparation of embryonic stem cell lines from the Rhesus 
Macaque Monkey (col. 14, lines 12-1 5). Thomson (2001) states that the methods shown for 
the Rhesus Macaque Monkey can be used to derive human ES cell lines (see col. 7 lines 4- 
10). However, the reference does not provide any evidence. Applicant submits that because 
the establishment of pluripotent blastocyst-derived stem cell lines is an extremely delicate 
and species-specific procedure, a person of ordinary skill in the art would not have 
reasonably predicted that a method established for isolating and maintaining a culture of 
pluripotent blastocyst-derived stem cells for one species would succeed when transferred to a 
different species, 

WO 99 27076 (cited in the Intemational Search Report dated July 22, 2003), for 
example, indicates that it is not straightforward to extrapolate the procedure for establishing 
ES cell lines in mice to a procedure for estabhshing ES cell lines in rats, despite the fact that 
mice and rats are evolutionary closely related (see page 1, line 27, to page 2, line 3 and page 
2, line 29, to page 3 line 4). Accordingly, a method for obtaining a pluripotent human 
blastocyst-derived stem cell line would not be obvious from the teaching of the preparation of 
ES cells from Rhesus Macaque Monkey. 
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Thomson (2001) further supports the position that methodologies for the 
establishment of ES cells in one species are not readily transferable to other species, hi 
particular, the reference teaches that while methods for obtaining murine blastocyst-derived 
stem cell lines had been available at least as early as 1981 (see col. 1 lines 34-38), a 
pluripotent stem cell line derived from embryos of another species (hamster) was not derived 
until 1988 (col., 3 lines 61-65). Similarly, US 5,905,042 (also cited in the International 
Search Report) discloses that methods for deriving embryonic stem cells in vitro from early 
preimplant mouse embryos had been well known since 1981, but the earliest date for the 
isolation of (purportedly) pluripotent embryonic stem cell lines in another mammalian 
species (pigs) is 1990 (col. 1, line 67 - col. 2, line 3). Thus, it is evident that the 
methodologies established in 1981 for isolating and culturing murine blastocyst-derived 
pluripotent stem cell lines were not easily transferable from one species to another; otherwise, 
it could reasonably be assumed, cultured blastocyst-derived stem cell lines from species other 
than mouse would have been made available more quickly than was actually the case, 
particularly in light of the scientific importance of work in this area. 

In addition, the isolation of ICM cells according to the present invention is performed 
by mechanical dissection, without the use of enzymes and/or antibodies (see, e.g., claim 1 
and page 5, lines 7-1 1 of the specification). In confrast to the present invention, Thomson 
(2001) fails to teach or suggest the isolation of inner cell mass (ICM) cells by manual, or 
mechanical, dissection. Instead, the reference clearly discloses that ICM-derived masses are 
removed from endoderm outgrowth with a micropipette and then exposed to 0.05% trypsin- 
EDTA supplemented with 1% chicken serum for 3-5 minutes. Given the above-mentioned 
delicacy and unpredictability of methods for obtaining pluripotent stem cell lines from 
blastocysts, it would not have been obvious to one of ordinary skill in the art to modify the 
method of Thomson (2001) by manually or mechanically dissecting the ICM-derived mass 
instead of dissociating them using Trypsin-EDTA supplemented with chicken serum. 

The Examiner has fiirther relied on Rinjders and Lazendorf However, these 
references do not remedy the serious deficiencies of Thomson (2001) and Thomson (1998). 
The article by Rinjders concerns the investigation of the predictive value of embryo 
morphology at a relative early stage for blastocyst formation and subsequent ability to 
implant in patients (page 2871, right column, lines 5-7). Lazendorf teaches the selection of 
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Grade I and 2 blastocysts followed by spontaneous hatching or removal of the zona pellucida 
and treatment with acidified Tyrode's medium. In both references, immunosurgery was used 
to isolate the ICM cells, and the references do not teach or suggest mechanical dissection. In 
addition, neither of the articles suggests combining the use of oocytes of grade 1 or 2 to 
obtain a blastocyst of grade A or B in the method of Thomson (2001). 

In particular, the present specification discloses that mechanical dissection may be 
performed using a knife or glass capillary. In addition, other methods for mechanical 
dissection will be apparent to those skilled in the art. What is important to notice is that the 
colonies are mechanically dissected into pieces, and not "pipetted" or otherwise dissociated or 
disaggregated into separate individual cells. Thus, the present invention represents a 
significant step forward towards a procedure that is free of "xeno" material, as compared to 
the prior art that involves the use of non-human immunosurgical materials. Further, the 
manual dissection of cell colonies is also practical in the sense that it can readily be 
performed by those skilled in the art to produce large numbers of cells. 

Applicant also notes that the Examiner has stated that the cell line described in 
Thomson (1998) has a proliferation capacity of more than 21 months as evidenced by NIH 
Stem Cell Information. However, there is no evidence that this "H9" cell line is stable after 
proliferation for more than the approximately 8 months (32 passages) stated in Thomson 
(1998) at page 1 145, col. 3, lines 1-5. In particular, no karyotypes, stem cell specific immuno 
markers nor pluripotency in vitro or in vivo have been shown. Kaiyotypic aberrations are 
commonly observed when stem cells have been passaged enzymatically or chemically (see, 
e.g., page 20, column 2, lines 3-14 of Mitalpova et.al.. Nature Biotechnology 23:19-20 (2005) 
and page 136, lines 1-17 of Caisander et al.. Chromosome Research 14:131-137 (2006) 
(copies of which are submitted herewith), and in view of this it is likely that the H9 cell line 
carries an abnormal phenotype {i.e. the H9 cell line is not "stable"). 

In contrast to the procedure taught in Thomson (1998), the present method enables the 
establishment of large numbers of stable pluripotent human embryonic stem cell lines. The 
issue of "stability" is discussed in some detail in the application, from which it will be clear to 
the skilled reader that what is intended is a pluripotent human embryonic stem cell line that 
remains undifferentiated and exhibits no chromosomal instabilities for a period of more than 
twenty-one months. This is especially advantageous, because it enables the generation of 
substantial numbers of cells which may be produced in "lots," each lot comprising a number 
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of individual units (e.g. plates, straws, or the like) of similar cells. The generation of large 
numbers of stable, undifferentiated cells is attractive from a commercial point of view, and 
the ability to produce such large numbers of cells in lots is especially advantageous because 
an individual unit may be withdrawn from each lot for characterization of the remaining units 
within the lot. Such characterization of the undifferentiated embryonic stem cells is 
particularly desirable from a scientific perspective, allowing the end-user of the cells to know 
much more about the cells. 

By using the method of the present invention, Applicant was able to produce some 
2,473 culture units in 2004 and some 3,833 units in 2005, including five lots of units in 2005 
and three lots in 2006 to date, each lot comprising 100 frozen straws. The Examiner will 
appreciate that this is a very significant achievement, and indeed Applicant is unaware of any 
other entity in the world that is presently able to produce such large quantities of 
undifferentiated human embryonic stern cells free from chromosomal instabilities. 

In view of the above. Applicant submits that the subject matter recited in the present 
claims is not obvious over the references cited by the Examiner. Accordingly, Applicant 
respectfully requests reconsideration and withdrawal of this rejection. 

B. Claims 4, 8-10, 60 and 61 have been rejected under 35 U.S.C. § 103(a) as 
allegedly being unpatentable over Thomson (2001) when taken with Thomson (1998), 
Rijnders et al. (Human Reproduction 13, 2869-2873 (1998)), Lanzendorf et al. (Fertility and 
Sterility 76, 132-137 (July 2001)), and Marshall et al. (Methods in Molecular Biology 158, 
11-18 (January 2001)). This rejection is respectfully traversed, for at least the following 
reasons: 

As discussed above, it would not have been obvious for one with ordinary skill in the 
art to combine the teaching of Thomson (2001), which involves preparation of embryonic 
stem cell lines from the Rhesus Macaque Monkey, with the teaching of Rinjders, concerning 
the predictive value of human embryo morphology for blastocyst formation and subsequent 
implant in patients, and Lazendorf, concerning selection of Grade 1 and 2 human blastocysts 
followed by spontaneous hatching or removal of the zona pellucida, and Thomson (1998), 
concerning the proliferative capacity, in order to obtain the present invention. Marshall et al. 
does not remedy the serious deficiencies of Thomson (2001), Thomson (1998), Rijinders et 
al., and Lanzendorf et al. 
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Furthermore, similar to Applicant's position with regard to Thomson (2001), the 
teaching in Marshall with regard to the isolation and maintenance of Rhesus Macaque 
Monkey cells is not readily transferable to a human blastocyst-derived stem cell line. 
Additionally, claim 4 recites a method including selecting the starting material very carefully 
in order to enable a suitable result (i.e. only specific qualities of oocytes and/or blastocysts 
may be used), and using specific conditions during the propagations of the cells in order to 
enable a suitable result (i.e. specific densities of the feeder cells). The skilled person would 
not take the above-referenced documents, alone or in combination, and be motivated to arrive 
at the specific conditions recited in claim 4. 

Accordingly, Applicant submits that the person skilled in the art would not have 
predicted that the methods of claims 4, 8-10, 60 and 61 would be transferable to a human 
blastocyst-derived sterm cell line. Thus, Applicant respectfiiUy requests reconsideration and 
withdrawal of this rejection. 

C, Claim 1 1 has been rejected under 35 U.S.C. § 103(a) as allegedly being 
unpatentable over Thomson (2001) when taken with Thomson (1998), Rijnders et al., 
Lanzendorf et al., and Conner (Current Protocols in Molecular Biology, 23.2.1-23.2.7 
(2000)). This rejection is respectfiilly traversed for at least the following reasons: 

As discussed above, it would not be obvious for one with ordinary skill in the art to 
combine the teaching of Thomson (2001), which involves preparation of embryonic stem cell ■ 
lines fi-om the Rhesus Macaque Monkey, with the teaching of Rinjders, conceming the 
predictive value of human embryo morphology for blastocyst formation and subsequent 
implant in patients, and Lazendorf, conceming selection of Grade 1 and 2 human blastocysts 
followed by spontaneous hatching or removal of the zona pellucida, and Thomson (1998), 
conceming the proliferative capacity, in order to obtain the present invention. Conner does 
not remedy the serious deficiencies of Thomson (2001), Thomson (1998), Rijinders et al., 
and Lanzendorf et al. 

Furthermore, although Conner may provide guidance on the use of MEF cells and 
suggest that early passage of cells must be used for ES cell growth, the reference does not 
show that this is the case for human blastocyst-derived stem cell lines (see page 23). Given at 
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least the fact that methodologies are not readily transferable from one species to another, it is 
Applicant's position that claim 1 1 would not have been obvious to a person skilled in the art. 
Thus, Applicant respectfully requests reconsideration and withdrawal of this rejection. 

Z). Claims 14 and 15 have been rejected under 35 U.S.C. § 103(a) as allegedly being 
unpatentable over Thomson (2001) when taken with Thomson (1998), Rijnders et al., 
Lanzendorf et al., Gardner et al. (Human Reproduction, 13, 148-60 (1998)), and Gardner et 
al. (Human Reproduction, 14, 2575-2580 (1999)). This rejection is respectfully traversed, for 
at least the following reasons: 

As noted above, it would not be obvious for one with ordinary skill in the art to 
combine the teaching of Thomson (2001), which involves preparation of embryonic stem cell 
lines from the Rhesus Macaque Monkey, with the teaching of Rinjders, concerning the 
predictive value of human embryo morphology for blastocyst formation and subsequent 
implant in patients, and Lazendorf concerning selection of Grade 1 and 2 human blastocysts 
followed by spontaneous hatching or removal of the zona pellucida, and Thomson (1998), 
concerning the proliferative capacity, in order to obtain the present invention. The Gardner et 
al. references do not remedy the serious deficiencies of Thomson (2001), Thomson (1998), 
Rijinders et al., and Lanzendorf et al. 

Accordingly, Applicant respectfully requests reconsideration and withdrawal of this 
rejection. 

E. Claim 35 has been rejected under 35 U.S.C. § 103(a) as allegedly being 
unpatentable over Thomson (2001) when taken with the Stratagene Catalog (page 39, 
(1998)). This rejection is respectfully traversed, for at least the following reasons: 

Even though the Stragtagene Catalog describes the principle behind a kit, it is 
Applicant's position that the teaching of Thomson (2001) is not readily transferable to a stem 
cell line from another species. 

Thus, Applicant respectfully requests reconsideration and withdrawal of this rejection. 
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CONCLUSION 



In view of the foregoing, further and favorable action in the form of a Notice of 
Allowance is believed to be next in order. Such action is earnestly solicited. 

In the event that there are any questions relating to this Amendment and Reply or the 
application in general, it would be appreciated if the Examiner would telephone the 
undersigned attorney so that prosecution of this application may be expedited. 



Respectfiilly submitted. 



Buchanan Ingersoll & Rooney pc 



Date: July 12, 2007 




Lisa E. Stahl 
Registration No. 56,704 



P.O. Box 1404 

Alexandria, VA 22313-1404 

703 836 6620 
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Abstract 

EUminatian of nil animal material during hnth the deriva- 
lion and long-term culture of human embryonic stem cells 
(hESCs) is ncccssnry prior to fiilure application ofhESCs in 
clinical cell therapy. The potential consequences of trans- 
planting xenu-cuntaminated hESCs into patients, such hk an 
Increased risk ufKraFt r^ectlon [STEM CELLS 20O(S^24:221- 
229| &nd the polenliul transfer of nonhunian pathogens, 
make existing hESC lineji unsuitable for clinical applica- 
tions. To avoid xeno-contaminatton during derivation and 
culture of HESCs, we first developed a xcm^-free medium 



supplemented >vilh human serum, which Supports long-term 
(>S0 passages) culture of hICSCs in an undifferentlaicd 
state. To unable derivation nf new xeno-free hESCs, we also 
established xcno-free human foresldii nbroblast feeders and 
replaced Immuuosurgery, which involves the use of cuinea 
pig complement, with a modiCed animaJ-product-free deri- 
vatiun procedure. Mere, we report the establishment and 
diurdcUrizaUon (.>20 passages) of H xeno-free pluripotcut 
Uii»loid normal hESC line, SA611. STEM CELLS 2006:24; 
2170-2176 



Introduction 

Human embiyonic ircm cells (hRSCs) hold great proinlse for 
future clinical cell thera|>ies in the fields ot, for example, diabetes, 
cardiac inftu-ction, and neurodegenerative disea.^es. because of their 
unique potential to diftcrentiate into all tdl types found in tlw 
hurnan body. In addition, it has necenily been revealed thai liRSCi 
and their ditlereniiated derivjiiivc-i arc less susceptible to immimc 
rejection than adult cells [1), which is encouraging no-ws for future 
clinical applioilion. Howvcr. the majority uf hESC lines available 
to dale have been dirccdy or indtrecily expuscd to animal material 
dining ihcix derivation and/or iwopagalion in vitro. Transplanting 
xcno-contaminated hESC* to paUenbi will vocKORt 0>e risk of graft 
tcjecdon [2] ajid tranKfer uf nonhuman pathogenn. suggesting that 
tlie dxi.<!ung WESC lines arc unsuitable for clinical applications. 
Ooscr inspection of previous attempts to establish xeno-free IiESC 
lines reveals, in eacli case, thai not all animal product's hatl been 
replaced For example, several recent hKSC derivaUon reports 
13-SJ used Knock-Oul scrnm replacement (SR), which contains 
animal piniein und i> « source of notiliuman sialic acid 12J. Al- 
ihouyh Richards ct al. L6J used liuman scrum (HS) and human 
feeder cells, and Ludwig cr al. [7] recenUy presented the deri v.nion 
of two human E^J cell lines (WA15 and WAK>) In a chemically 
defined cell culture sybiwn. ihcy both ujsed IminunoMitgoy to 
isolate die Inner cell muss flCM). Immunosurgery is « method 

Correspondence: rienrik Scmb. Fh.D., Stem Cell Ccnler. Lund l/nivcrsiiy, BMC. UIO, .sr>22I-84 Lund. Sweden. Tclcrjhunc 
46-46-222-J1-59: Kax: 46.46.222,.^6-pO; e-mail: henriV:.semb@mcd.lu.sc Received March 6. 2006; accepted for publitaiion May 
23 , 2006; fir-si published online in STEM CtLLS OcpkkVs June I. 2006. ©AlphaMed Press 1066-5099/2OO0/S20.00 10.1634/ 
sicmccll5.200G-0130 



commonly used to remove the outer Iruphcctodcim epithelial cell 
layer from the bla.<siocys« by inaibation in polyclonal rabbil anli- 
human whole-seruni iinlibodics and guinea pig complement. Con- 
sequently, nhhuugh these culture systems may be free of animal 
pixiducis. (he derivation procedure is noU ttnJ therefore, these hliSC 
lines shoultl be considered polcniially xeno- contaminated. 

To obtain a truly xcno-frcc system tor the dciivjuion and 
maintenance of hESCs, three major sources of xcno-contamina- 
lion must be eliminated. Fixsi. stable long-term maintenance of 
sdf-rcncwine and pluripnicnl hESCs uraditionally involves the 
use of feeder cells. Mu«l commonly used fieeder cells are either 
of animal origin, such as mouse embryonic fibroWasls fMEFs). 
or have been exposed to aiiinial proteins (e.g., by the use of fetal 
bovine stTum (FBSJ) during Ujcir isolation and culnire proce- 
dure Second, the medium supplcmcnu rMces.Mry for ihc culti- 
vation of hESCs. such as FBS or .SR, cnnt.iin v«rioifs animal 
proteins. Third, Irophcctodcrm removnt to isolate the ICM is 
ci^ilionolly performed by iminunoKurgcTy as described above. 
Several groups have arrempied «o exclude individual ajiimaJ 
coniponcnts by using feeder-free matrices [3, 7, »]. feeder cell* 
of human origin [6, 9-12J, or defined xeno-free madia I?}. 
However, to date, ii has not been possible lo fully eliminate all 
animal material during both deiivaiion and culturing of hESCs 
in Older to create a completely xtm free system. 
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To completely avoid exposure of hESCs lo animal prod- 
ucts, wc developed a xeno-froc protocol for the derivHlion 
and culitirc of new IjKJJC lines, A!l jinimal-dejived and ani- 
mal-exposed components have been meticulously replaced by 
lesied hwman-dcrivcd or recombinHni/symhctie substances. 
Initially, a xdno-free cuUurc environmeni bH£cd on a human 
tccder layer in combin<ilion with a HS-«iipplcniented medium 
was designed and leslcd extensively. The culture system 
proved suitable ro jsupporl Ihc stable maintenance of self- 
renewal and pluripotency of previously e.<siablishcd hESCs 
for more than 50 passages. To replace the veno-eonlaminated 
commercially available human feeder cells, we then cslab- 
llshed new primary culnire.« of human foreskin fibroblast 
(IIFF) feeders under xeno-free conditions;. Finally, lo derive 
new xeno-free hESCs. immuno.'surgcry was replaced with n 
xcntJ-free aIiemHli«c method. 

We now report Ihc successful derivalion of the lira xeno- 
frce hE&C line, which hhs been establisheO and cultured under 
truly animal proiein-frcc conditions, To iIhIc, the xeno-frcc 
h£SC line SAfill has been maintained in culture for over 30 
consecutive passage.<i. Characterization of SA61 1 shows that the 
cell line is genetically normal and exhibits the charactcristicf of 
undifferentiated pluiipoieiii hESCs. 

Matekials anu Mkthods 

Human Material 

Human Wood from healthy donor* and surplus human embryos 
from clinical in vjiro fertilization (ivp) treatment were donaU:^! 
after informed oonscnl and approval of the local ethics commit- 
tee at Ctttehctrg University. 

Preparation of HS 

HS was prepared a.s previously described tUJ. For (he prepa- 
ration of each batch of serum, human blood wa.s collecicd from 
IS healthy blood donors at the hospital's blood center. All 
donor."! were from the general public and belonged to the regular 
nefiiwered blood donors at the hcipiuil. The blood wcus collected 
in a transfuiion bag (Dry Pack: JMS. Singapore, htip:y/www. 
jinu.com) blended, and stored overnifhi at 4-S*C before cen- 
trifiigadoii ai I.OOOj for 8 minuiei. Serum was pooled, sierilo- 
filtcred. and frozen until use. Superior quality human serum ws» 
repeatedly produced in our laboratory from donated human 
blood, which wa.<i ic.wtcd for standard patltui;ens (hepatitis B and 
C. HIV, human T-cell leukemia virus type 1 . and syphilis) at the 
hospital's blood center. 

Culture of Commercial Non-Xeno-Frcc HFF Feeders 

Cnmmcrcially available non-iceno-free HFFr were obtained 
from Ihc American Type Culture Collection (CRL-2429; 
American Type Culture Collection, Manassas, VA. hltp:// 
www.avcc.org). After expansion, confluent monolayers of 
HKFs were trealcd with mitomycin fMucamycin; Brislol- 
Mycrs Squibb. Prineelon, W http://www.bras,cora)-C (Si.g- 
ma-Aldrich. Stockholm. Sweden, http://www.sigmaaldrich. 
com) and plated on 0.1% gelatin (Sigjna-Aldrich)-coatcd IVF 
welU (200,000 cells per 2.89 cm^ in the xeno-ftec medium 
based on knockout-DuIhecctrs modified Eagle's medium 
(KO-DMF.M) (Gibco, Paixley. Scotland, hllp;//www. 
inviirogen.com) supplemented with 20% HS, 4 ng/iTjl human 



recombinant (hrb) fibroblast growth factor (FGH) (Inviirf.- 
gen. Carlsbad, CA, http://www.inviirogcn.com). 1% penicil- 
lin-streptomycin, 1% Giuiamax. O.S mmol/1 jS-mercaptoetha- 
nol. and 1% nonessential amino acids (all reagents from 
Invitrogen). 

Culture of hKSCs on Commercial HFFs in 
IIS-Suppl«mcntcd Medium 

The hESC line SA121 (U] (Ccllartis, Gflteborg, Sweden. 
luip://www.ccllartis.com). which originally was established 
and mHiniaincd on MCF feeders in Vitrei lES mcdiutn 
(Vitrolifc aB, Kiingsbacka, Sweden, http://www.viirolire. 
com). wa.>i transferred onto miifitically inactivated commer- 
cial lirr.s (CRL-2429) in KO-DMF.M an vitrogcn) supple- 
mented with 10% HS. 4 ng/ml hrbrOF (Invitrogen), \% 
pciiicillin-strepiomycin. 1% Glutajnax, 0.5 mmol/1 |3-mercap- 
toeihanol and \ % nonessential amino acids (all reageuts from 
Invitrogen). The hHSCs were mechanically passaged to new 
culture dishes with fresh feeders every S-7 days using a Stem 
Cell Tool (Swemcd Ub International AB, Billilal. Sweden. 
hllp://www.swemed.com). 

Derivalion and Culture of Xeno-Free HFF Feeders 

Under Swctiish legislation, the use of nontraceable human sur- 
plus matcrisil that would otherwise be discarded does not require 
human subjects approval from the ethics committee. Human 
foreskin from circumcised infant boys was aseptically collected 
in Iscove's muJiricd Dulbecco's medium (IMDM) (Invitrogen) 
+ VSb peiiicillin-slrcptomycin. The skin cxplants were cut into 
small pieces using u sterile scalpel and placed into 25-cm- tissue 
culture flasks containing 4 ml of IMDM with 1% pcnicillin- 
slrcptomycin (Invitrogen) and 10% HS. After approximately 10 
days, u confluent monolayer of primary HFFs wm eftiablished. 
For Kubsctiticni expansion, the HFF cells were di.«ociairtl to 
single cells using a recombinant animal proteln-frse enyyme, 
Ti-ypLE Select (Invitrogen) and passaged into 75-cm* fla.skx. 
Connueni monolayers of HFFs were treated with mitomycin-C 
(Sigma-Aldrich) and plated on 0.1% hrb gelatin (FIbrnCien, CA, 
httpy/www.ribrogen.com)-coaied IVF wdls (200.000 cells per 
2.89 cm-). 

Efttahlishmciit and Culture of Xcno-Free hESCs 

Donated embryos were culnired lo the blastocyst stage a<i 
described previously [14J. To elimirintc ihc zom pcllucida 
and lo damage the irophcciodcrm. blastocysts were incubated 
in acid I'yrode's solution (Mcdiculi, MoHchavcn, Denmark. 
hltp://www inddicull.com). Subsequently, zona-rcmovcd 
blastocysts were placed onto inactivated xeno-free HFFs. The 
culture medium coivsisied of KO-DMEM (Invitrogen) sup- 
plemented with 20% HS, 10 ng/ml hrbFGF (Tnvhrogcn). i% 
penicillin-siTcptomycin, 1% Glutumax. 0.5 mmol/1 ^mercap- 
toethanol, and 1% nones.seniial amino acids (all reagents 
from Invitrogen). Hfty percent of the medium was renewed 
every 2-^ days. After 10 day.^. the cells were mechanically 
passaged to fre-sh feeders. At passage 2, the hESCs (SA611) 
were cnzymaticalJy dissociated once utingTrypLE Select in 
order to release the growing hBSOs from an overgrowth of 
rtirrerentiatcd cells. Earlier aitcmpta to perform this release 
hy mechanical manipulation had been unsuccessful, From 
pawage 3 on, SA6n was mechanically passaged approxi 
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Table 1. Long-term validailon of morpholosy and marker expression in human embryonic sicm cell line SA121 euliurod on human 
foresto fibfoMiisi ana m human fenjia-jtupplemcntcd medium' 



rossattc Morphology 


04:1.4 


Tm-l- 
60 


81 


SSEA-1 


SSEA-3 


S.SEA-4 


ALP 


5 Undiffcrenu'aied 




+ 


4- 




+ 






13 Undiffcrauiaicd 


+ 


+ 












22 Undirrercnciatocl 


+ 


+ 


+ 








+ 


41 UnditTereniiaied 


+ 




ND 


ND 


ND 






SO UndifTcrcnciated 


+ 








+ 


+ 


ND 



"+. >90% of the cells are poriiivc; -. <5% of the cells arc positive. 
Abb»viaijun: ND. not determined. 



Riacely once a week. To eliminate the ri$lc of cross-conum- 
inaiion the xeno-fnee MFFs, donated blastocysts . and the 
Jcrivcd xeno-free hESC line SA611 were cuhured and han- 
dled physically separated from «11 non-xeiw-fwe culiiirci! and 
cxjmponcrts. Eleven fresh blastocysts that could not be used in 
infertility treatment were treated and cuimrcd under idcniical 
cunili lions. 



Immiinoliistochei 



1 Histochemica] Analysis 



of hESCs 

hHSC cultures were fixed in 4% parargrmaldchyde for IS 
minutes, permeabili^cd for S minutes in 0.5% Triton X-100 
solution (SififTia-Aldrich). and blocked in 5% FBS in phos- 
phate-buffered saline (Inviirogcn), The celU were incubated 
with primary nuibodics (Oct-4, TRA-l-6n, TRA-l-gl, 
SSEA-1, SSEA-3. find SSEA-4; Santa Cruz Biolechnology. 
Snnta Cruz. CA. hnp://www. soulhcmbiotech.com) overnight 
at 4*C, and visualized by incubation in fluorescein i^olhio- 
cyanatc (FITC)- or Cy3-conjug:ncd secondary antibodies 
(Jackson Immunoresearch Laboratories, West Crove, PA, 
hitp://www.jacksonimmurto.com) for 60 minutes ai room 
leiripemlurc, Cell nuclei were counicrstained with 4,6-diu- 
niidino-2-phcnylindolc (Sigma-AIdrich). The activity of al- 
kaline pho.xphmase was determined u.sini{ an alkaline phos- 
phatase activity dcicciion kit according lo ihc manufaaurer's 
instructions (Siema-Aldrich). Staining.* were cvsluatcd and 
documented using a Nikon Eclipse TE-2000 U fluorcsecnee 
microscope (Nikon, Tokyo, http://www.nikon.com). 

Genetic CharacteriTation 

For karyotype analysis, the hESCs were incubated in the 
prcscnec of colcemid, tryp.<«fnizwl, fixed, and mounted on 
filuNs slides. The chromosomes were visualised by DAPT 
.stnining. arranRcd. and documented using an inverted mic;ro- 
scope equipped with appropriate niters and software (Cytu- 
Vision; Applied Imaging, Santa Clara. Ca. ht:p://www. 
appliedimagingcorp.com). S.M21 wsw analyzed after passage 
30 (eight metaphii.\cs screened) and a; passage 50 (19 mei- 
aphases screened). Sa6I| was analyzed a passage 9 (l.-! 
metaphases screened) and at passage 22 (13 mctaphases 
screened). 

Por fluorescence in situ hybridization (FISH) analysis, the 
commBTcially available preimplaniavion genetic testing Qn- 
clude* chromo-somcs 13. 18. 21. and X and Y) multiprobe panel 
and chromosome enumerating probe (for chromosoma! 12, 17, 
and 20) kits (Vysis, Downers Grove. IL, lHlp://www,vysis.eom) 
containinfl probes for chromosomes 12. 13. 17. 18. 21. X. and Y 



Table 2. Long-term validation fif chromcsomal srabiliry and 
pluripoiency in human embryonic stem cc]l line SA121 cultured 
on human foreskin flbrobluiiL and in human sej-um-supplenientcd 
mediura 



Passage 


Karyotype 


t'lSU 


Teralomu 


0» 


46 XY 




Endn/Eett)/Me$o 


>30 


46 XY 


2nXY* 


Endo/Ucio/Meso 


SO 


46 XY 


2n XY" 


ND 



"Heins ct al. |ldj. 
"Chromosomes 13. IS. 21, X. and Y were analyyixt. 
'Chnitnowmcs 12. 13. 18. 20, 21. X. and Y were analyzid. 
"Chromosomes 12, 13, 17.18. 20. 21, X. and Y were ."uiiOyzcd. 
AbbreviaiioDs: Ecto. ectoderm; Rndo, endodcrm: Mcso. 
mesoderm: ND. not deicnnincd. 



wei-e used with minor modifications. The slides were analyzed 
in an invened microscope equipped with appropriate filters aiid 
software (CytoVision). For each probe, a minimum of 100 
nuclei were analyzed. In most cases. 200 miele? were analyzed. 
Analysis of SA121 was performed after .10 artd 50 passiigcs. 
Sa61 1 was analysed at passages 9 and 22. 

Analysis of Pltuipotciicy la Vitro 

Pluripoiency was wstsd in vitro by spontaneous difTerentifliion 
of hESCs on the fuedei- layer or after transfer to Matrigel plate.*. 
After 2-4 weeks, fixed and dirfcTentiMted colonics were ana- 
lysed immunohisLochcmieally lo identify cells derived from the 
three germ layers. The following primary antibodies were used: 
Foxa2 (Santu Cruz Biotechnology). « smooth-muscle aciin 
(Cliemicon, Tcmccula. CA. hnp;//www.chcmicon.com). and 
p-tuhulin III (Sigma- Aldrich). Alex a (Molecular Probes Inc. 
Eugene. OR, http://probe.<!.invitrogcn.coTn) and FlTC-conju- 
gated secondary antibodies (Jackson Immunoresearch Labora- 
tories) were vf.ac'i for detection. Fixation and incubation was 
performed as dsiicribcd above. 

Analysis of Pluripotency In Vivo 

Pluripoiency in vivo waa assessed by teratoma formation in 
severe oombincd immunodcticicni (SCUD) inice a.<i described 
earlier f 14], In brief, undifferentiated hESC coloniej; were me- 
chanically cut into 200-;i.m X 200.Mm pieces and iturgically 
placed under ihc kidney capsule of SCID mice (C.fl-17/lcrCrl- 
scidBR: Chailes River Laboratories. Sulzfeld. Germ:my. httpV/ 
www.crivcr.coin). The mice were sacrificed after 8 weeks, and 
tumors were excised and n.xcd in 4% paraformaldehyde. Hema- 
toxylin and eosin-stalned pamflin sections were evaltiateJ his- 
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Figure 1. Lone-usrm v^Jidation of a cnlwrt «y«tem for humin cmbryonk tieui cells [hESCn) (SA 1 2 1) btueJ un human fereskin fibroWasi wiJ hunun 
scnim. (A): Morphology ofhliiic: line SA121 after 40 piuaaiges. Inset. x2 detail nimpiinanion. (H): ImmiuionuureiiasDoe Mainineof undif«!i«rtiiiileJ 
SAI2I cclU after >40 pu^nukck with !inti-0ct4 amiliu(lie». (C): Diploid normaj kaiyoiype nl .SA)2I after >SOpmi»iBe«. (O-V): Hitiolotieal juialytiii: 
of icraiomas derived from SAI21 after 33 pnisaeei (D). Secretory cpmKliuiii (enJodwm). (KJ: Canilaee (ine»odenn). (f): Ncurocaodcnn 
Cecirnlerm). Scale bare - 100 fun (A. 50 fitn (D-F). 



tologically for Uie prescnuc of diffcrenriated human tissue de- 
rived from all ihrce embryonic germ layers, such as 
ncurocccodcrm, caidlage, urul gut-likc cpiihclium. 

Resut^ts 

Validation of a liESC Culture System Based on HFF 
Fcieders and HS-SuppIemented Medium 

To culture hHSCs in the absence of animal cells and protein, wc 
used a culture fsysiem buswJ on HFF feaders and HS-supplc- 
mcnted culture medium. To validate the stability of such culmrc 
environment, colonies from hPiSC line SA12] 114] were trans- 
ferred from the traditional culture system (MEF feetlerx in 
ViiroHES medium) 114J to ihe new culture system, ut test iu 
aWiiy IU suppon maintenance of unUifrcrcntiaced pluripoieni 
hG.SC$ for marc than SO coiueculive p^tssagcs. iJaseil on the 
metrphnlugical appearance of tlie colonies, the hHSCs required 
3-5 passages to adjust lo (he new environment after the initial 
transfer. At regular intcrvais throughoui the validation study 
(>50 p««age*), the culturca were evaluated morphologically, 
genetically, by marker expression analysis, and by teritoma 
formation. The result ure summariicd in Tables 1 and 2. At all 
passages analyzed, i3>c ecfls expressed the expecioJ stem cell 
mariccrs0n-4(Kig. IB; Table 1).TRa1-60.TRA1-81,SSEa-3. 
and 5SEA-4 Crable 1), whertas they were negative for SSEA-1 
(Table 1). a raaikei- of diffcnsniiaictl hESCs. In addition, the 
colonics showed positive staining for alkaline phosphate acii viiy 
(Table 1>. At all passages analyzed throughout the validation 
study, hESCs maintained a stable diploid notmaJ karyotype (46 
XY) (Fig. 1 C; Tuble 2). FI.SH analysis on selected chromo.<iomes 
confirmed this findinij (Tuble 2). PluripoteiKy was tested after 
33 passages, demonstrating that the new culture environment 
sopponcd growth of ploripoisnt hESCs; that is, hi.siochemieal 
analysis of teratomas revealed the presence of derivatives of 
endodcrm (gui-likc epithelium; Fig. ID), mesoderm (canirnge; 
Fig. IH), unil ectoderm f neuroectoderm; Fig. IF. Table 2). 



Derivation of Xeno-Free HFFs 

After Rucccssfui vjiidation of the culture system we pro- 
ceeded to replace the commercially available human feeders 
with xeno-frcc Hm. HFF pritnary culkircs were established 
from moterinl obtained from circumcisions. Establishment 
and culture of HFFs was performed under strictly xcno-free 
conditions in culture medium supplemented wiih 10% HS. 
During Uie first passages, individual cells with cpithelotd 
morijhology were visible among ihc tibroblasis. but from 
passage 3 on. all the cells in culture revealed homogenous 
tlbroblaslic morphology. For the xcno-frcc derivation and 
culture of hESCs. we only used xcno-frec feedeis fVom 
passages 5- 8 that had been batch tested for their ability to 
support undiWereniiated growth of hESCs. It has been i-e- 
ported earlier that HFFs can be expanded in vitro for at least 
42 passages [10. 1 1 J before senescence, but since each donated 
skin sample gave rise to abundant numbcn of primary HFFs. we 
iliJ nut feci the need to evoluato higher passage feeders. 



Development ot a Xeno-Free Alternative for the 
T!>iolation of tiie ICM 

To prevent xeno-contaminatinn during the establishment pro- 
cedure. wc replaced the commonly used combination of 
prona«e digestion of the 7.ona pellircida and immunosurgical 
removal of the trophectodeim by fin approach that uses acid 
Tyrodft'K solution to dissolve tlie zona pelhicida and to dam- 
age the irophcciodcrm. To avoid riamtigc to the ICM while 
achieving complete removal of tlie zona pellucida, as well as 
partial destruction of the undertyinjj IrophcctodcrmaJ cell 
layer, iii .i single step, exposure to the acidic solution (pH of 
2.5-3) was careftiUy optimized by incubation for increasing 
periods of time, while the morphology of the zona pellucida. 
irophcctoderm, and ICM were monitored by visual micro- 
scopical inspection. The optimal incubation lime was found 
to be in the range of 30-45 seconds. 
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Flpire 2. Morphological and immunohistocliciiiiuil cliaruclerimlinn 
of the xcno-ficc human euibryonic xiem cell (hBSC) line SAfiU. (A): 
The Wasiocyst of SA6I I (scale bar = 25 /<,m). [V): Morphology of 
htSf line SAfill after 12 psssagei under Mr>o-frce enndirioni (jcale 
bar = 100 jtm). (C-H): Immunenuotescenuc tminine^ of undifrtreiv 
limed SAfin ceJIs «ttcr 12 ptAtXgtt utiin; Oci-4 (C), SSRA-l (D). 
•JKA1-6U ^J£). I KA1-SI (*•). 5SRA-3 (G), iu»d SSOa^ (H) a 
Mute Uiui tm-<ii;c!i in (Q and (K) irc imtgct of a doubU 
bait 50 (C-E, C). 100 /un (K, K). 



Ri<bihlishinent, Expmuion, and Cryoprenrvation or 
a XenO-Free hKSC T.inc 

To derive a new hESC line undw ncno-frcc conditions, rtonaiert 
fresh blasiocysrs (Kg. 2A) were ireuiod with acid Tyiodc's 
snluiion under visual inspection and placed onto xcno-fiee 
IIFTv. IniliaTly, ovilgrowih of hhSC-IiJce cells from the ICM was 
accompanied by the appearance of dittereminicd oclls. presum- 
ably repreieniinj; primitive cndoderm and iropWiiodcrm-dc- 
rived cell tyj^es. During subsequent mcchanic.il pfljsnging of 
hE5C>likc cell*, ilie ditTensnliaieO cells dijsappeared. Thft new 
hESC cell line SAfill forms disUnei colonieg with clearly 
defined borders, and the cells exhibil ihe characteristic morphol- 
ogy of hESCs. that is. densely pacleerl ce1l«, with h high nucleu.t- 
10-cylopliii.m ratio (Fig. 2B). To date, line SA611 has been in 
culture for over 8 munihs and has been propagnicd for more than 
30 passages under xenu-frec culture cnndiiinns. At patiMtges £. 



7, 20. and IS. SA61 1 whs ciyopreserved in completely scaled 
straws by vitrirication. Validation of ti« process by subsequent 
(hawing of individual siniws resulted in eff'ieient recovery of 
viable, undifferentiated hTtSCs. 

Chnracterization of the Xeno-Free hESC 
Line SA611 

To confirm the undifferentiated stuie of $A611, the cultures 
were evaluiiiecl by immunofluorescence ui passages 5, 12, and 
22. SA61 1 colonics uniformly expressed the expected markers 
of undirrdTEnliaicd hESCs, includine Oci-4, TRAl-60. TRAl- 
81, SSHA-3, anJ SSEA-4. whereas they were ncgaiivc for 
SSEA-] (Fig. 2C-2H). The hESC colonies also displayed strong 
Hikaline pho.<;phaiti!ic activiiy (data not shown). 

Karyotype analyse.* at passngcs 9 and 22 showed that ."3A6II 
maintained a stable dipluitl normal karyotype (46 XY) (Fig. 3a), 
FISH analysu ai paissugcs 9 and 22 on selected clvoniosumcs (12. 
13. 17, 18, 21, X, and Y) confirmed this finding (i=l^. 3B. 30. 

Tha pluripotency iif line SA611 was evaluated in vitro as 
well as in vivo. Initially, spontaneous differentiation of hDSCs 
in viiro was analyzed in high-dcnsiiy cultures on HfTs as well 
OK after transfer of colonies to Malrigcl. The appearance of 
/3-m-tubulin'' neurons. ASMA* smooth mu.-icjc cclU, and 
Foxa2* cells indicated that SA611 were able to differentiate 
into derivatives or all three embryonic germ layers in vitro (Fig. 
4B, 4D, 4F). To explore the pluripotem nature ofSASl 1 in vivo, 
clusters of undirrereniiuiecl hESCs were grafted under (he kid- 
ney capsule of SCID mice. The appearance of ectodermal (rteii- 
rocctoderm: Fig. 4A). mesodermal (cartilage; Fig. 4C). and 
endtJdcrmal (gut-like epithelium; Fig, 4E) tissues within the 
teratomas demonstrated thai SA6] 1 exhibits the characicri.<ttic in 
vivo differentiation capacity of pluripotcnt hESCs. " 

In summary, the xenn-freo hF.SC line SA611 stably ex- 
pressed the genetic and phcnotypic charecictistics of undilfcr- 
cniialcd pluripatcni human Mam cells. 

Discussion 

To date, all reported hHSC lines h.-\ve been exposed lo animal 
marerial at some poini during their derivaiion fe.g., 6, 7] or 
cultivation [e.g.. 2). To develop a reproducihle xeno-free pro- 
ceduni for deriving and culiuring hESCs, ii i« necessary lo Tirsi 
show chat all .steps in the derivation. pa.<Maging, and cultun'ng of 
hUSCjt are completely free of animal products. The second 
issue, which relates lo the stability of the denvation and culture 
system, is to maintain the cells under the tcqicd defined condi- 
tions long enough to ensure that the system is phenotypically 
and genetically stable. 

The major source;? of xeno-coniiiminBtion arc the presence 
of !»nim;4l feeders and the use of eiiher FBS or SR in the cultui-e 
medium [2] Several groups have previously rcponcd successful 
culiuring of hESCs on HFFs and other human feeders (,4-6. 
9-12]. Primary HFFs arc isolated from infant foreskin, which 
can easily be obtained on a regular basis. The level of effort for 
derivation and culture of HFF is low compared witlt MFiFs. as 
the isolation of the primary line from a tissue .sajnple i.s simple 
and the primary cells can be easily expanded, wherea.* MF.Fs are 
generally only used in passages 2- 3. 

Previwis attempts to use HS as a medium supplemenr foiled 
due to problems with spontaneous dtfrercntiaiion, resulting in 
failure to mainiiun hESCs beyond passage 11 [6. 9. IS]. In 



StemCbuls' 



11/07 2007 ONS 12:17 FAX +45 33970071 ALBIHNS A/S 



@1 033/035 




Ellcrstrom. Stiehl, Moya el al. 



7) >I t( i< }x »! 



i 



Fitfurc 3 Generic cluracienzuuw) of Ihc xcno-ficc human emhrynnic stem cell OiESCj Ifaie HAbl \ (pa«»ec 9). fA): The chromtsomM from Sa61 I 
were diploid normal "nic ngnre shows a repwnratWe taryotypc. (B. Q: Fluoittscencc in situ hyhridiVarion analysin- of selected chromMOmct fmm 
5A61 1 Uemonsiratcd That Tlw cells wrrc XY and diploid norrmii for ehromosomcj cluounKonw 12 and 17 (B) and for X fblue). Y (sol4) 13 fredl 
J8 (aqua), and 21 (grecr) (Ci, ".♦-"•j- i"-"*. 




Ficure 4. ConfiniiaTion of pluriputcncy of the x*no-rree human em- 
bryonic stem cell ChRSC) Una SA61 1 in vivo (A, C, E) iuiJ in viiro (U, 
D. If). H)xU)li)BicaJ anslysis of Kraioina* from SAfi) 1 after J 1 pnxuees 
iiudw Mni*-free Hjndition'i was ss followk. (A): Neuroccrodcrn\ (dcui- 
derin); (Q: Cartilage (mctodcr/n): (E): Sccfcioiy cpiUieliuiu 
(ciidodeiiii). In viifo-differentiafcd SA6I1 celJ* were analyjed by iin- 
muaonuoreseence 2-4 weeks atrrj {MSsagiag. (B): ^-lll-nibulin^josi- 
tivc ncui-oil* (dclodenn): (D): ASNfA-pojiilve smooth muscfc aciiu 
(/ncsodcnn); (F): IINF3P n-oxa2)-po*iiive cdlk (endoderm). •;eale 
bars = 50 ftm (A, B. D-F). 100 fim (Q. 



contrast, we show dwi the use of HS as a medium iupplcmcnt in 
combination with Ht-Tn supports gcnclicHlIy stable (>50 pavs^gcs) 
rauinlcnnncc of .sclf-renewal anri pliiripoicncy of hESCs. 

The mcihods for preparing MS arc not stated in aiiy oflhc 
previous reports [6. 9. 15J. bur ir is known ihai difleient 
methods of scrum preparation may yield HS of ditfereni 
quality, with various effects on cell growth (13]. This could 
bo an cxplanatir>n for ihn divergent results. Aliemaiivcly, the 
discrepancy may be e.xplaincd by the fact thai wc used a 
higher concentration nf FOf (10 ng/mlj than previous at- 
tempu (4-8 ng/ml) 19. L-SJ. FT.F iit Vnown to be an imporiani 



factor in promoting HESC self-renewal [16. 17] in vitro. 
Having Khown ihat xcno-fi-ee HS-supplcmcnicd medium, m- 
fidhcr with HhH feeders. R.ippons mtiintcnancc of genetically and 
phcnoiypically stahle hRSCs, wc next derived new ITPF feeders 
under ligomiiRly xcno-frcc conditions. 

The finiU obstacle tn overcome was ihc elimination of all 
animal components normnlly used during ilie isolation of ihe 
ICM. This procedure is iraditionally perfonneJ by immuno- 
surgery, which involves the use of rabbit polyclonal antibod- 
ie."» anil guinea pig seinm. Together with others, we recently 
reponed [14. 18J chat the immiinosuTgery procedure can be 
excluded, thu.e allowing ICM isolation without exposure to 
animal componcnis. Wc cho.i!e to use acid Tyrodc's soJuilou 
for ICM isolHiion under xeno-frte conditions, as It i*. u^cd in 
IVF units for as«islcJ lialvhing procedure."! [lyj nud has also 
bccji used in rcinuvc the zona peJiucida prior to immunosor- 
gery 120). ICM isolHtion is also possible by mechanically 
iipcning up Ihc rona pellucfda lo allow natural hatching, hut 
thai method requires the use of a micromanipulation syslcm. 

By optimizing the incubation time in acid Tyrodc's solution, 
die 7ona pellucida was ctilciejiily removed hi the same dme a.<i tl>e 
irophoclodcrmal cell layer was dHmagcd. As diis treaunem could 
nol be used to desnnoy (he irophcciodcrm completely wiihoul diun- 
aging tlie ICM, Ihc inilial outgrowtli from ihc trcalcd blastocysts 
wa."! composed of a heterogenous cell popiilalion. However, witli 
lime, areas of moiphologiCHlly distinct hESCs appeared, wlrich 
could be handpicked and iransfcrrcd to fresh plates. The favt lhal 
already at possHjiB 5. colonies from line SA61 1 homogcnously 
expresscj Oct-4 and morphologically resembled undifferentiated 
hESCs. wich a small cyinplasm-io-nudeus ratio, demoniirtiles that 
immunosurgeTy i,< nol necessary for derivation of hESCs. 

In Rummaiy, by developing ulicmalivc xcno-fnje procedures 
both for deriving and growing hESCs. we successfully eslub- 
lishcd and characterized ihc first xeno-free hESC line, demon- 
strating d\at animal components are not necessary for the estab- 
lishment and cwlttirc of hESCi!. The hESC line SA61 1 can he 
used us a source of xenn-frce cells for future applications in 
basic research and reccrieialivc medicine. Of course, iherc arc 
additional is.<iie.< ihai should be addre.<!«ed prior to clinicd ap- 
plication nf hTiSCs. One remaining concern is the po.wibIe 
inrrodiiciion of unJcnown human paihogcns to the hESC cultures 
hy the blastocysts, feeders, or huraim scrum. This concern is nol 
limited to htSC culture biil is lo be generally considered in all 
jtllogcnic u-anspIantaLions in today's clinical realiiy, Therefore, 
improved pathogen screening technology, as well as more de- 
fined *ynihclie supplements, .should be considered. 
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ABSTRACT 

Human embryon c STem (hES) cells are usually estabi shed 
and ma nta ned on mouse embryon c fibroblast (MEPs) fe«der 
layers. However, t s des rabfe to develop human feeder cells 
because an mal feeder cells are assoc ated w th r jks such as 
V ral nfect on and/or pathogen transm ss on. In th s study, we 
attempted to cstabi sh new RES cell I nes us ng human uter ne 
endometr al celk (hUECs) to prevent the r sks assoc ated w th 
an mal feeder cells and for the r eventual appi cat on n cell- 
replacement therapy, Inner cell masses (ICA45) of cultured blas- 
tocysts were soiated by mmunosurgery and then cultured on 
mtotcally nactvatcd hUEC feeder layers. Cultured ICMs 
formed colon es by cont nuous prol ferat on and were allowed 
to pro! ferate cont nuously for 40, SO, and 55 pas^ges. The cs- 
tabi shed hES cell I nes (M 3;-hE5-l4, -15, and -9, respect vely) 
cxh b ted typ cal hES cells character st cs, nclud ng cont nunus 

Srowth, express on of spec fic markers, normal karyotypes, and 
ffcrcnt at on capac ty. The hUEC feeders have the advantage 
that they can be used for many passages, whereas MEF feeder 
cells can only b^ used as feeder cells for a I m ted number of 
passages. The hUfCs are ava lable to estabi sh and ma nta n hES 
cells, and the h gh express nn of embryotroph c factors and ex- 
tracellular matr ccs by hUECs may be inportani to the effic ent 
growth of hES cells. CI n cal appI cat ons requ re tlic cstabi sh- 
ment and expans on of hES cells under stable xeno-free culture 
systems. 

cell I nci cstabi shment, embryo, human embryun c stem cell 
I nes, human endometr uin, human feeder, xcno-free culture 

INTRODUCTION 

Human embryonic sicm (hES) cells were first isolated 
from inner cell masses (ICMs) of human blastocysts by 
nvomson and colleagues [I]. The hHS cells exhibit unique 
Icatures. including continuous growth, a high level of rel- 
omerase activity, normal karyotypes, aiid differentiation ca- 
pacity in vivo and in vitro. They express pluiipotent cell- 
specific markers: strongly poiiitivc lor stage-specific embry- 
onic antigen (SSEA)-3 and -4, tumor rejection itntiaen 
(TRA)-l-60 ajid -SI, and a high level of alkaline phospha- 
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tasc (APa.se) activity, but are negative for SSEA-J 11-7]. 
They also express Oci-4. a transcription facior that is spe- 
cific to ICMs of bla.Ntocysts [3. 5-8]. Continuous prolifer- 
ation of ES cells' requires leukemia inhibitory factor (LlF) 
and/or a mitotically inactivated feeder cell layer in cultures 
or mouse embryonic .stem (mES) cells. In contrast with the 
culturing of rntiH cells, feeder cell layers and basic fibro- 
blast growth factor (bFGl-) are necessary to maintain hES 
cells in an undifferentiated state with or without LIE but 
I-IF alone cannot suppon the continuous proliferation of 
hES cells with preventing tlie differentiation [1. 3, 9]. The 
liES celU arc usually establUhed and maintained on mouse 
embryonic fibroblast (MEh) feeder layers. Becau-sc animal 
feeder cells are associated with risks, including pathogen 
iransmissiou and viral infection, and ethical problems, 
many stein cell researchers have investigated different cul- 
ture conditions for hES celLs, .such as a feeder-free culmrc 
.system. ExtracelluJar matrices (ECMs) and MEF-condi- 
tioned (MEF-CM) medium were introduced to expand hES 
cells rather than the feeder cells. The hES cells cultured 
under these conditions show the .same characteristics &i 
!aES cells cultured on MKF feeder layers [10]. However, 
this culture system alstj requires ilie massive and continu- 
ous culturing of MEF cells to obtain MRF-CM medium, 
and the po.s.sibiliries of mouse retroviral infections; and path- 
ogen transmission remain |1 1-13]. Attempts to prevent in- 
fections and pathogen transmission have involved the cul- 
tivation of hES cells on human feeder layers, such as fetal 
muscle, fetal skin, aduh fallopian tubal epithelial cells fl4|, 
foreskin fibroblasts [6. 11 1. and adult marrow cells [l5J. 
Additionally, Richard.s and colleagues fl6j reported the 
testing of various human feeder cells derived from fetal 
(muscle, skin), adult (lung. .skin, fallopian tube, muscle, en- 
domc(rium). and neonatal (foreskin) tissues, and some of 
these cells are now available for use. The hES cells cultured 
on these various human feeder layers exhibit the same char- 
acteristics as MEF-based hES cells, including continuous 
proliferation, positive expression of specific markers 
(SSEA-3 and -4, TRA-1-60 atid -81, APase. and Oct-4). 
normal kaj7otypcs. and differentiation capacity. Although 
some feeder cells alter the shape of hES cell colonies, al- 
mo.st all hES cells cultured on human feeder celLs maintain 
typical hES cell morphology, such as being round and small 
with a high nucIeus-to-cytop!asm ratio, the notable pres- 
ence of one TO three nucleoli, and typical incercell j^paeing 
[6,11-16]. 

Human uterine endometrial cells (hUECs) regulate em- 
bryonic development and successful implantation in the re- 
productive track. Their growth and differentiation vary ac- 
cording to the mensu-ual cycle due to hormonal regulation. 
Throughout the menstrual cycle, hUKCs express various 
factors, including growth factors (IGF. EGE and TGFp) 
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[17-21]. cytokines (CSF. T.TF. and inreiieukin-1 and -6) [22- 
27]. and cell atlhcsion molecules (iiCMs and integrin) [28- 
31] to control embryonic developmenf and allow successful 
implantation. Some of these factors (such as I. IF and 
TGFpI) secreted in hUHQs are known to be key regulators 
related lo htS cell self-renewal. Additionally, various 
nCMs and cell adhesion molecules are expressed in h- 
UHCs, and these fsictoi'S ahso have an imponanl role in 
maintaining the undiffercniiated stare of hES ccIIk [12]. 

In Che pnesent .study, we examined ihe availability of 
hUECs as a feeder cell, attempted to csiablish and maintain 
new hF^ cell lines by using hUKC feeder cells, and con- 
firmed ihe characteristics of newly established htS cell lines. 

MATERIALS AND METHODS 

Prt^purat on ^nd Culture of Human Endomeiral Cells 

Ilumiin cndomL-irium was obwllied by biopsy following iiMliluliwnaJ 
review hdard (IRP) .ipproval and Uiu rucdpi of informed consent from i]\c 
suhjcwts. The obisined endotncirium was minced finely and digested en 
zymaiicfilly wiOi 0.25% collagenajc (Sigma. Si. Louis, MO) and 10 U/inl 
DNate I (Sigma) in OMBM/F- 12 (GibraBkUlnviTogen. Grand Mujul. 
NY). Dissociated hUECs weie Culujred in 0MEM/F.12 iupplcmcnlod 
with 10% FBS CHyclcuie. Loyan. UT). 4 mM £lutainlne (CihcoBRL/ln- 
vitrogcii), 20 COM IIEPES. 100 U/ml penicillia. aiid lOO p.g/ml strcpio- 
inycin (Sigma). 

Prepararon of Feedetr layers 

Cliltui-cd UVECi were iiiituUcally inacjivarcd witli 10 (ig/ml mitomycin 
C (Signui) for l.S h am washed three times widi PBS. Mitoiicalty inac- 
(ivaied bXJliCs were then irypsinizcd with tryp.tin-l-;nTA (GibcoBRL/In- 
vitrogen) and waithed twice wivl( culture medium. The diuociaced hUECs 
were counted and plated on gelatin-couiixl four-well plate* a 8.0 X 10* 
ecllS per well (Nuue. Koskildc. Uunmark). 

Cvfture of Human Embryos 

Cryopmervcd human pronuclear (PNi-slage emhryoi were dOdaleJ 
following IRB approval and tlie receipt of informed coiuem by cuuples 
imdcffoing in vitro-fenillzaiion treatment. Biglit rapidly thawed PN-^tage 
embryos were first cultured in Gl .2 mcdiiuii uiilil llie eight-cell *tagc. find 
dien iranirctTcd U) Ci2.2 medium (Vitrolife. Denver, CO) 17, 321. After 3- 
4 days or pminngcd culture, seven fully expanded blasiocysu were col- 
lecied to isolate ICMs. 

lmmunosuq}f:ry 

Cultiued blasi£>cysu were lirsi removed from ihc zona pcllucitl.l utillg 
0.5% Pronaic (Sipna). These blastocyiis were exposed to 10006 anti- 
human-scrum antibody (Sigma) for 20 min and washed three times with 
HHii for 5 min. wasijed blasiocysts wise iTRnsferred to cuinea pig com- 
plcnicm (Life Tocluiolojjirs. Karlsruhe. Germany) at 37*C in S% COi f321. 
After 20 mill, ihc blasuicysu were washed and the isolated ICMs were 
inuuremul onto miinticjlly inactivated hUliC reeder layers. 

Culturti of HFS Cells 

tmniwiu^urisery wm, pcrfHnncd on seven blasiocyste to obtain thelj' 
ICMs. To culture iKolaiud ICMs. the culture medium for feeder cells was 
thangeU US OMEM/F12 eontainine 20<6 knnckaiit scrum replscemenu I 
mM glutamine. O.I mM 0>mercapuwihanot, 1% nonesteniud amino acids, 
and 4 ng/ml bFCF (GibcoBRL/Inviirogen). I^ansfemal ICMs were cul- 
tured on hUEC feeder layers lor 6-B days ill ilie iniUal passage, after which 
the cultured cell* formed colonies. Tlicsc culunies were split onto newly 
prepared hUEC feeder layers, and the culuins was prolonged. After 10 
passages of the eulture. the eolonies were split every S daya. 

Immunocylochem stry 

After 20 passages of the culturo on hUEC feedcT layers. h£S cells 
we/e tested for ihe cjipression of pjiuipoieni cell-.NpociHc markers. To de- 
lect APast- activity, cultured calls were fixed with 4% paiafonnaldehyrie. 
KiAod ceils were pcrmcabJIixed with 0.2% Triton X- 100 and washed three 



limes with PBS. APase staining was performed using a kit couuiinine 
NBT/BCIP as ihc »ubsu-ate (Roche Molecular Biochemicnis. Indianapolis, 
IN), When i;ontinuou.sly proliferaditg cell* appeared dark blue, we ob- 
sei ved the suiined colony under lifihi micnwcopy. The expreaions of sur- 
face marker antigciu weie confirmed aving SSEA-3. -4 (positive), and -1 
[negative), Hxed cells were ineubalcd with each primary (imlbody and 
were localized with biniinylaicd sccond.iry .imibody conjtigaied with .iv- 
idln and horseradish peroxidase cortiplcx (Vecuutain ABC syKiem; Vcc lor 
Laboraturics, Burlingame, C/<\. The localirjtion. color reaction, and vi- 
sualization of red staiiUng by light microscopy were performed using » 
Vector NovaRED kiib>ir4ie kit (Vector Laboratories). 

Cell L ne Idem ficat on and Karyatyp ng 

Wc extracted each genfimic liNA from Miz-hES-9. -14, -15, andhUEC 
and applied DMA finBcrpriming using shon landem repeat (STR) lotn am- 
plified by PCR ttj identify establislied hES tell lines [32}. The STR loci 
tliat wc used were D3S1358 (Chnimosomc 3p), vWA (12pl2-ntcr), FCA 
(442R). amclogcnift (X:p2a.I- 22.3 &.Y:pll.2). TIIOI (llplS.5>, TPOX 
(?-r'3-2per>. CSflPO (Sq.^3..i-34). DSS813 (5p22-3l), D13S3I7 
(iac]22~3i) and O7SH20 (Tql 1.21-22), 

To analyxc the karyotypei of hUTiC feeder cells and hES cells, cc\l 
divLsiim was blocked by 01 ^Le/ml cnlccmid (Gibco/ljivliioeen) in mcta- 
phasc for 1- 2 h. Cells were then trypjini^cd .ind resuspended in hypotonic 
KCl solution (Sisirui). incubated for 20 min at 37°C. and fixed with 3:1 
mcthanohacciic acid. Chromosomes were visualized using G-band stain- 
ing. More than 100 cells were examined in ihis way. 

D fferent at on of hES Cells InVvo and In Vtro 

'iiic h&S cell eolojiles that u-ere cultured tor longer tlian 20 passages 
on hUEC fccdci layeis were harvested clear of feeder cells. Prepared col- 
onics were injected with a .sterile 25 gauge needle ioto Utc right twUs of 
4-wk-old SCID-bcige mice according to die statement on the use nf ani- 
mals in our institute. The injected mice were killed 12 wk alter this iii- 
jecutm and the resulting tumors were Axed with i.% paraformaldehyde and 
emhedded in paraffin. The parafiin blocks were sectioned at 10 urn. 
stained with hennatoxylin-eosin, and Uic Iiwncuk ubsu-ved under a light 
microscope. 

To t unfirm the dirrcrentiation of hES ceils in vitro, they were harvcsuid 
mechanically and washed lO remove the tealec cells. Harvested liES cells 
were tninslcncd into einbryoid bcidy (KB) eutoirc medium (DMEM/r-12 
supplemented with 20% serum replacement, I mM gluianiine. 0.1 mM |i- 
mercapioeibanol. and 1% nonessential amino acids except for hPCK) and 
culuired cnniimioiuly. Ai days 7. 14. and 24 after the beginning of aihure, 
EBs were prcp.ved for RNA isolation. Total RNA isolation from llES cells 
and diffei-eiuialed tells was pcrtormcd using TRIzol rcufcnl mzcurding to 
the maiiurafiurer'.s protocol (CibcoBRL/Invitfoycn). l»olau:ri RNA was 
quantified with a spccnxipholomeler {Spei;3000; Dit>-Rad, Hercules, CA) 
and leversc transcription (RT) was performed with I p.g of total RNa in 
each sample. To confirm die diftercntisrinn ubility of hES cells. PCR wa» 
performed with v-jriuus differentiation- maikei primers; etiloderm (Ni--68; 
forward. acgcHragBaaiggttCBag; reverse, laeaceccicaaii-t'iiice: teraiin: for- 
wai-d. asBcix-aaiicgaggagatt; reverse. aiagLxawggagaiBEtgg). mesoderm 
(CW: furwsrcl, aaaaagggcaaigacaccag: reverse, trgrgcagtctcigagglgg; kal- 
likrein: forward, gcinctcagccaijyacatc; rcvcnc, tattctneccicccagPS; eno- 
lB.^e: forward, gucaaigtcatcaatggcg; icverse. gtgaacilcigccaagticc). and cn- 
doderm (a-FV: forward, tgaaaacccicUgaaigcc: reverse, tcttgcttcategtngcag; 
a I -AT: forward, actgtcaaciiceiSBS^eac; reverse, ccce.wgctgajvg.icctra). Oct- 
4 (forward, gacaacaatgagaaccucaggaga; reverse, itctggcgccfigttacagaacca) 
was used ,is a positive conutil for undifferentiated hES cells [3. 5-8]. PCR 
cycles consisted of an Sniti.il denaturation step at O^'C fur 5 min, lollowed 
by 30 cycles of 30 sec of denaiuraiion at W»C 30 sec of annealing at 
6VC. and 30 see of exirnsicm at TS'C. A final extension was performed 
at Tl'fZ for 10 min. PCR products were visualized by ethidium hrnmide 
Staining folluwing 1.5% agarose gel electrophoresis. 

Flow Cytometry 

To analyze the DNA content of hliS cells. Mi7.-hES-9, -14, and -IS 
i»lomes were harvested with 0.1% collagcnajc IV (Sigma) aiid washed 
twice with PBS. TItese colonics were dissociated into single cells wiili 0.5 
mM F.DTA rSigmaj. Scparaujd cells were fixed wiih 70% cihamil at 4*C 
for more Ihan 1 h and then washed cleiu; FUcd cells were suincd with 
100 |jtg/ml propidium iodide (Signu) containing lyo p.g/ml RNase, and 
measured by How cytometry (Epics Alura; BccJanan Coulter, Miami. FL). 
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Miz-hES14 




SSEA-4 



Fig 3 



FIC. 1 Phase conmist photographi of MCf (A) and hUEC (B) feeder cdU. They showed obv oiuly d fTcrem morphology. MEF cells had a sp ky anJ 
rfHKular ouil ne, and hUECs were sp rulla-Khaped. Each fewlcr cell was m rot cally naa voted w ih m himyc n C and tiTco plalc-d onto gelat n-toated 
four-well plates at 8.0 X 10' cells per wp.ll. Bar - 100 uMi. 

fii,°:^>. cell colon es expanded oi. MHF (A, E) or hUEC (B-O, P-Hl fe«der layers. M z-hES-l CA, E) expanded on MEF feeder layers 

sho«-ed fyp eal "^S ojll inonJholMy, Such^^^^ r»unrf and small wih a li gh nutlwc-to-cytoplasm rai o, ll.u notahle presence of r,uclcol , and lyp cal 
nUfroBll spaL na. Th« hUEC baso^M 2.hES-9 (B. F). -14 (C C), and -15 fD, It) also showed so. lur n.orplu.lt>Ky to M2.hES-l. However, tl)c sha^c of 
hUEC-based hES cell colon es were ih nncr. n,ifn.r. and more angular Uian MUF-based M z-hES-1 . Bar = 200 i^m {A D) and 1 00 n-m (E-H). 
FIC. 3. Immunocytochcm cal tu n riK of und fferent ated hCS cells anabl shed on hUEC feciJur layHrs. M z.hES-9, -M, and -IS «xpanded on hUEC 
feeder lajrere showefl ihc samr rxpro^ on panerns of plur poicni call-spec fic markers as MCr.bas«rf hFS cells. The hUEC.bas«d hES cells were pos i ve 
for SSEAO (C C, « and -« (D, H, Li »nd APasc (A< E, tj bur wbtb negat ve for SSQa-1 (B. F J). Bar -• 200 »im 



,'07 2007 ONS 12:15 FAX +45 33970071 ALBIHNS A/S 



121022/035 



hHS CniX UNES HSTABT.TSHED ON HUMAN FEEDKR I.AYRR.S 



A 

Miz-hES9 
Miz-hES14 

Miz-hES15 
hUECs 



B 

Mcz-hES9 ^ 
Miz-hES14 
Miz4iES15 • a 
hUECs r. 



c 

Miz-hES9 ■ 

Miz-hESl4 - 
Miz.hESIS • 
hUECs 



4- 



,L...... J. _ 

--ii 



D 






n 




:i is; ^7 \} 




til 






IVIiz.tiES9<46,XX) 






H 




5; n 1} 






1* iS 




Miz-hES14 (46, XX) 


H 


... II . 


Pi 




U Si !S !> 




ft.". 


"3 >:.•• hi 




M1z-hES15(46, XX) 


"J 








)l H H 


II 


i{ 


H H H n n 






ih H A u S'i 


It 



hUEC (4e, XX) 



Hfrd^.l'^^ '^"9 ^^^^P^ ar«ly« s of M ^-I.ES-9, -1 4, -15 and hUCC (D). A) Isogen c onalys s n loc D3S1 358, vWa and HCa. 

probjb I l« afji 7.« X 10-" for M z-hES-a. ] 9 X 10-'« for M 7-hFb.M, 1.6 X 10-'- for M z.h£5.lS, ar„J 3.7 x lO"" for hUEC The boxed numbcrl 
and correspond rp, peaks rcprwcu Io«r oni of polymorph ..mj foread^ s(,orl tandem repe;.l marker. Dl M 2-hES-9, -14. -l .-; and hUECs showed norma 
to, Karyocypes. 



RESULTS 

Culrure of Pr mary hUECs 

Three hUEC lines were isolated and culiured: two (Miz- 
endol and -2) from endometrial tissue* obtained at the mid- 
prolifei-aiive ph-dse. and the third (Mj7-endo3) from the tis- 
sue obtained at the midlutcal phase. Miz-cnriol and -2 
could be cultured for more than 25 passages, whereas Mi?.- 
endo3 showed limited proliferation. Frozen-thawed hURCs 
isolated ai the midproliferative phd.se exhibited similar 
growth characteristics. Miz-cndol and -2 showed similar 
growth patterns, and hence we mainly used Miz-endol in 
this experiment. The morphology of Miz-endol cells was 



different from that of MEF feeder cells (Fig. 1). Mi^-cndul 
and -2 were split every 5 days because they reached con- 
fluence within a short period of time. At pas.<!agc 3, cultured 
hUHCs were first used us feeders to support the establish- 
ment and maintenance of hBS celLs and were used contin- 
uously until ihcy became sene.<!ccm. 

Ma ntenance of HES Cell L ries FstabI shed on hUEC 
Feeder Uyer^ 

In the culture of donated embryos, seven blastocysts 
were obtained from eight cultured PN-stage ejnbryos, and 
ilie ICMs of these blasiocystii were isolated by immuno- 
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FIC. 5. h st£ilog cal annlyK k of teratomas 
foitncct n fhn r^^TP"i of SOD-be ge rn cc 
by the niP.aon o< M 2.hES-9 (A, B), -14 
(C, D), and - IS (E, R. Wcll-cJ rTurenlated 
teratomas conu n k dniiy-l ke struaure (A), 
pf m t ve ncruroep thai al tubule (B), »k ii 
(O, gasiro nrKjt nal ep the! um (D>, tooih- 
I ke structure (E), and un lagc (f). 
Bar 100 M-m. 




nC. C. In V tro d fferent ai on of hES 
cells esrabl shed and expanded on hUEC 
feeder layers. To confirm ihc d ffcruni at on 
capac Cy of hUCC-Oa^cd hEi cells, total 
RNa was cxIrdLied from jphere-shaped 7-, 
14- (A), and M-day-oId EB, and RT-PCR 
was performed to exam no the express on 
of t ssue-spec flc markers (B). The cxprcj- 
$ Oft of kcral n (ectodemn), CMP (meso- 
derm), a-ff. and a1-AT (endoderm) was 
gradually ncreased n a t me-dcpendcnl 
manner n EBs. However, NF-68, kail kre- 
n, and enolaso were expressed n hi>th 
und ffcrcoi atcd hES cells and d fferent at^ 
ud EBs. The expr&u on of Oa-4 gradually 
derreased n d fferent atcd cells. 
Bar - 100 lun. 





Control 
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surgery. Three trans I erred ICMs were aitached to hVEC 
feeder layers and cominuously proliferated in the initial 
passage. Proliferating cell.s formed colonies after 7-R days 
in tlie culture, and these colonies were .splil cmto newly 
prepared hUHC feeder layers. They exhibited slow proltf- 
eraiion compared with the growth of other hES celJs (Miz- 
hES-l. National Institutes of Health registered) until pas- 
sage 7 or 8. Miz-hHS-y. -14, and -15 were in continuous 
cultures for 55. 40. and 50 passages, respectively. Tliey 
have been split onto new feeder layers every 5-6 days. The 
hiiH cells cultured on hUEC feeder layers were thinner, 
flaiier. and more angular than Ml^-based hKS cells, and 
boundaries beiweejiTiES cells and feeder cells were more 
evident (Fig. 2). 

Express on of Plur poieni Cell-Spec fic Markers 

Tlie expression of several cell-surface markers was con- 
firmed by immunocytochemistry. Miz-liES-9, -14, and -15 
expanded on hUEC feeder layers showed the same expres- 
sion patterns of pluripotent cell-specific markers as MKH- 
based hES cells. The hUEC-based hES cells were positive 
for SSEA-3 and -4 and APase but were negative for SSEA- 
I (Fig. 3). Feeder cells were negative for ail surfiice makers 
used in this experimcnL 

DNA Fnger Prnt ng and Karyoiype Anslys s 

All hES cell lines could be distinguishable because they 
showed different STR loci, including D3S1358 (chromo- 
.somc .-^p). vWA (12pl2-ptei). FGA (4q28). amelogenin (X: 
p22.1~22.3 <StY:pll.2). THOI (llpI5.5), TFOX (2p23- 
2per). CSFIPO (5q33.3~34). D5S818 (5p22-3 J). D13S317 
(13q22-31), and D7S820 (7qll.21~22) (Fig. 4. A-C). 

Karyotype analysis was peiformcd with hUECs and hFS 
cells expanded on hUEC feeder layers. Miz-endol, and 
Miz-hES-9. -14. and -15 .showed normal 46, XX karyotypes 
(Fig. 4D), as did the frozen-tlinwed hUECs (data not 
.shown). Karyotype analysis was pcrKomned every 6 mo. 

Format on of Teratomas and EBs 

SClD-beige mice were killed 12 wk alter being ii\jectcd 
with undifferentiated hES cells to confirm die formation of 
teratomas. Teratomas had formed in the right testes of all 
three mice injected with Mi3c-hES-9, -14, and -IS and ap- 
peared a.<4 wcll-diffcrcnriated tumor-like structures, includ- 
ing kidncy-like structure, primitive neural nibe. skin, ga.<:- 
trointBKtinal epithelium, looth-like structure, and cartilage 
(Fig. 5). ^ 

EDs cultured for 7, 14. and 24 dayjj in suspension also 
showed the expression of tissue-specific markei"s. Almost 
all of the tissue-specific markers were expressed in differ- 
entiated EBs. with the expression level gradually increasing 
with time from the induction of differentiation. However 
Ni'-68. kallikrein, and enolase were also expressed in un- 
differentiated hES cells, and the expression of Ocl-4 grad- 
ually decreased in dilTcrcntiated cells (Pig. 6). 

Pro! ferat on Pmpert es of hES Cells 

MEF and hUEC feeder cells comprised 10.0% and 
10.24% of proliferating cells, respectively, but the compo- 
sition of proliferating cells was higher in Miz-hES-9 
(47.6%). -14 (48.6%). and -15 (48.2%) lines than in feeder 
cells. Hach hES cell line establi.shcd and maintained on 
hUHC feeder layers showed a slightly hic-her composition 
of proliferating cells than MEF-based Miz-hES-3 (40.4%). 



47 




DNAconLsm DNAcanlenl DNAi 




FIC 7. Flow eytortuitr c analys s of feeder cell!, and hHb cells. Cultured 
hUECs tA), MEfe (B), and M z-hZS-Q (O, -14 (O), .^nd -IS (£) wltc /ixcij 
and $1,-1 nfiri w th prots d urn ad dc. DNA content was moasured by fluo 
r«!scena-jct vated cell iort ng analys s. Fjch feeder cdl cons ned of s m- 
lar amounts of prol farai np, cells (about 10%). Proport on of M ?.hES-9 
(17.6%), .14 (4B.0%), ,ind -15 (48.2%i n S pJwwe was s m lar to cich 
other. M r-hCS-a (C. •14.6%) expdtidL-J un huKC feeders showed si ghily 
h ghcr compns i on of prol feral nu c«!II.k ihan MEf-based Mz-hCS.! If, 

40.4%). 



Mi?-hES-3 expatided on hUECs for more than 20 pas.sages 
showed a slightly increased propcnion of the cells in the S 
phase (44.6%; Fig. 7). 

DISCUSSION 

The hES cells ai-e usually expanded on feeder layers to 
maintain an undifferentiated state. MEF cells have be«i 
used as feeder layers prepared from CF- 1 mice at 13.5 days 
after fertilization, but animal feeder layers exhibit some 
problem.^ in maintaining hES cells in an undifferentiated 
state, Hrst. there is an ethical problem associated with an- 
imal feeder layers because hES cells directly interact wiih 
MEF cells to maintain continuous proliferation, Second, an- 
imal feeder laycr.s are associated with risks of viral infec- 
tion and pathogen transjnission. Because the ultimate object 
of stem cell research is cell-based clinical diei-apy, hES 
cells should be expanded on human feeder layers or under 
feeder-free culture conditions. There arc fiyme previous re- 
poits on this, but there are some problems that MEF' cells 
must be cultured to obtain MEF-CM continuou.sly and 
MEF-CM still has ihc possibility of viral infection or path- 
ogen transmission. 

In feeder-free culture conditions for hES cells. liCMs, 
including laminin, collagen, and fibronectin. play an im- 
portant role in maintaining hES cells in an undifferentiated 
state. In 2001, Xu and colleagues [lOJ were the first to 
demon.strate tliat tlic cxpresssion levels of integrina^ and Pj 
in hFS cells cultured on Matrigel or lamiiii/i were similar 
lo those in MEF-based hES cells, and that these ECM- 
based hES cells maintained typical hES cell characteristics. 
The expression level of laminin and proliferation capacity 
were .slightly higlier in hUECs and hES cells cultured on 
hUECs. We thought that the expression level of laminin in 
feeder cells may affect the maintenance of hES cells in an 
undifferentiated state and that other factors expressed in 
feeder cells, such as LIH and TGF31. may regulate the 
gn)wth of hES cells. There are prevtou.s reports that T.FF 
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and TGFp are expressed in normal human endomeiriviTn 
and regulate downstream signaling ilirough ihc activation 
of JAK/STaT kinase and Siriads. respcciively. Occ-4 and 
Nanog arc associated with hES cell self-renewal, and the 
expression of these factors is regulated by LIT- BMP, and 
TGFp [33-35], Tlie hES cells maintained on hUEC feeder 
cells might be regulated by their prolifcmiion and differ- 
entiation by «ipontaneoiis expi-ession of these factors in 
hUHC feeder cells. 

The hUECs directly inicracf with einbryoi! and regulate 
the embryonic development and siicces.<!ful implantation in 
vivo. Although ihc characteristics of these cells differed 
wiili the endometrial phase, some factors, including ECMs, 
growth factors, and cytokines are expressed in hUECs 
throughout the nieiisLruiil cycle. Richards and colleagues 
[161 attempted to use hUECs as feeder cells to suppon the 
growth of hES cells and reported that adult glandular cn- 
domelrium and adult suromal endometrium cannot maintain 
hES cells in an undifferentiated state. However, we have 
established and maintained diree h£S cell lines on hUEC 
feeder celLs in our institute. Our different results may be 
attributable to the different endometrial phase.*: used. Miz- 
endol and -2 obtained from the midproliferaiivc phase caji 
support the continuous growth of hES cells and maintain 
hES cells in an undifferentiated state, whereas Mi2-endo3 
obtained from the midluteal phase cannot. 

The hUECs have the advantage that ihcy can be used 
for many pa.siiage.s, whereas MEF feeder cells exhibit a lim- 
ited number of passages when they were used as Iccders. 
However. hUECs showed a .similar capacity lo suppon the 
continuous growth of hHS cells before they become senes- 
cent. An hUECs feeder cell line can be used for more ihan 
1 yr, allowing the long-term culiuring of hES cells under 
stable conditions. In addition tu this, human feeder cells are 
more convenient than primary cultured MHP feeder cells 
in terms of the absence of a requirement for animal facii- 
iiies. 

For the eventual application in cell-ba.<;ed ihcrapy. hES 
cells .should be free from the risks of pathogen transmission 
and viral infection, and it is ideal that hES cells are cultured 
under stable xeno-frce culLure condition. Until now. how- 
ever, it has been hard to eliinirutic animal materials com- 
pletely for establishment and expansion of hES cells. Ira- 
munosurgery, a common method to isulaic ICMs of bla.s- 
tocysis, has been performed by u.sing anti-hmnati-scrum an- 
tibody purified from rabbit and guinea pig complement [I, 
3. 6. 7|. Although these materials do damage to only tro- 
phuccloderms. there is still a possibility of exposure to an- 
imal and/or vimses. Also, animal semm (usually FBS or 
1-CS) has been used for anachmeni and growtli of fcctler 
cells to support the establishment and growth of hES cells 
[1-3, 6,7. II, 14-16. 32]. Altliough hP^ cells are cultured 
under feeder-free condition ri.-sk.s of pathogen transmission 
and viral infection still remains because the materials fi-om 
animal sources such as feeder-CM and ECM gel (u.sually 
Matrigel) have !:till been u.sed for rhe gi-owih of hES cells 
[10. 12. 13 1. Up to now. there have been no hES cell lines 
established and maintained under complete xeno-frce cul- 
ture condition even though .some have been represented as 
a xenoH-frec culture system for the culture of hES cells with- 
out animal serum and by preventing direct interaction with 
animal cells [14. 16j. In our experiment, we also panially 
used animal materials for immunosurgery and cuhure of 
hUECs. However. Mi2-hKS-9. -14. and -15 were estab- 
lished and maintained without direct interaction with ani- 
mal cells and animal serum. Therefore, we thought that our 
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results are in the process of becoming complete xeno-lree 
culture conditions. 

Our results demonsu-aic that hES cell line.*; can be estab- 
lished and maintained on hUEC feeder layers. Newly es- 
tablished hES cell lines have typical hES cell cliaracieristics 
such as continuous growth, expression of cell .surface mark- 
ers, normal karyotype, and differentiation capacity. These 
hES cells show elevated proliferation capacity, which might 
be due to the effects of the expression levels of HCMs and 
embryolrophic factors in feeder cells (data not shown). The 
esublishment and cxpan.sion of liES cells under a com- 
pletely xeno-free culture system might be helpful to cell- 
based therapies. Therefore, continuous investigation for the 
improving culture condition ishould be performed to make 
complete xeno-free culture systems. These will lead us to 
obtaining available hES cells under xeno-lrcc culture sys- 
tem in die near future. 
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i are the difficuliy in utcessing 
correct and complete information on 
potential partners, suppliers or market 
possibilities and the uncettaiiity nf ensuring 
a partner's commitment to /orinal contructs. 
The latter in particular, requires a judicial 
system that hinction* more efficiently and 
tre<iibly. These conditions have nothine to 
do wiih TRIPS. Thus, the impact of TRIPS 
on either the commerci.nl strategies of forcigit 
companies or their strategic alliances with 
Indian companies is anyone's gticss, as it is 
only one parameter among many that will be 
used in making fureign investment decisions. 

From the pcr«pcciivc of Western firms, 
Lhc inxplcmcniaiion of TRIPS in India may 
encourage ihcm lo introduce new brand 
drugs because such products will now enjoy 
patent protection — a situation not possible 
since 1 970. This will not mean, however, 
that high-priced, Wesiern-manufisctured 
products ean be directly ihoehomed into 
the Indian marlcet. As K3.N. Prasad, CEO 
ufShanllM BiuleJmkx (HyderdbaJ, India), 
puljj il: "Thuuijli TRIPS (jivcs exclusive rights 
lu Wcsleni cunipiiiiics Uf iiiarkcl llicir liritnd 
pn)duLLs ill India— etiiiiiiialiiii; LiiinpeLiLiuti 
fnmi Iota! cotiipiiiiioi lliaL <-t)|^)r iiivciitiotis — 
lliese iiiulliiiatii.iii;iU u.re uiilikrljr U> benslil 
from selling their products at high pi'ice.<i 
hecaute Indian consumers sintply cannot 
afford the high costs of drugs developed and 
manufaauied abroad. Tberefore, it will be 
necessary for Western and Indian companies 
to enter into strategic alliances so that noivel 



drugs can be manufii mired under license for 
local consumption. Such alliances will lead 
to a win-win situs lion for all, both biotech 
companies and the public" 

To sum up, Indian biotech firms basically 
have three choices in the short-term as busi- 
ness innovation strategies': first, they can 
focus on product* that are cither off-patcm 
already or soon to be off-patent (essentially 
the generics market); second, they can col- 
labonitc with Western multinationals and 
biotech companies (two areas tlial ajc likely 
to witness an increase in coUaboratioivs \ue 
clinical trials and R&D ootsourciug); or 
third, they can foeus on innovations that 
the multinationals will not be interested inj 
that is, mainly 'tropic«r or developing world 
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^Preserving the genetic integrity of 
human embryonic stem cells 



To the editor: 

The limited number of human embryonic 
stem (h£S) cell lines''' heightens the 
need to maintain their genetic integrity. 
A report by Draper er oJ. published in l.ist 
January's issue (Nat. BioKchnol, 22, 53-51, 
2U04) snd s related correspondence from 
Buxyard and colleagues in the April issue 
{Nat. niotechnol. 22,381-382) suggest ihal 
hi*..'? cell lines propagated itt vitro lor even 
a few months can develop an ahnormal 
karyotype. We report here data from our 
laboratory that throw more light on the 
genetic stability of hJiS cell lines and its 
relation to how cells are m.tintained in 
culttirc. 

In our lahftrainry.U.S Narional Insiiiutcs 
ol Health (NIH. Bill\d.<da, MD. U.SA)- 



registered h£S cell lines BGOJ and BG02 
were propagated by manual dissection nf 
the hliS cell colonies^ and have normal 
karyotypes at passages 41, SO, 62, 74 
and 105. lliese results confirm previous 
observations from Buzzard and colleagues, 
indicating that the diffiailt and laborious 
manual passaging of hHi cells will retain a 
stable karyotype, even after 100 passages. 
Paster and easier means of passaging hES 
cells are available, but we fouril that they 
can promote chromosomal ancuptoidy, 
especially trisomy 12 and/or 17, in 
conjunction with aberrant gene expre.ssion. 

Two means of disaggregating hES cell 
ailonics info single cell suspensions for 
bulk hCS cell passaging''*'* — nonenzymatic 



(cell dissociation buffer, CPU) Hnd 
enzymatic (collugeiia*e/tryi>sin, CT) — 
eventually compromised the ueneiic 
integrity of the hES cell lines iJui liad 
previously been passaged by manual 
uieilidJs. Chromosomal abnormalities 
doniiiiatcJ the T>C01 hBS cell culmres after 
as few iu, 23 passages after chitnging over to 
the CDB passaging itielhud. The DGOl cell 
line maintained a nuniial karyotype for 42 
manual passages but developed trisomy 12 
and 1 7 in all cells (5 cells out of 20 analysed 
uinuined an additional X chromosome) 
ill. esirly as 23 p.<i$sagc» after changing from 
the uuimal lo llie norienxymatic CDB 
passaging ]iielltud (Supplcmcnlary Fig. 1 
online). The BG02 liE.S cell line maintained 
a normal karyotype for 45 tnanual passages, 
but trisomy 17 was observed 25 passages 
after switching to CDB passaging. The 
RG02 line, which demonstrated a normal 
karyotype after 12 manual passages, was 
found lo have trisomy 12, 14, 17 and an 
extra copy of tbeX chromosome in all 
cells (3 cells out of 20 analybed contained 
an extra copy of chromojsnme 20), when 
studied 56 passages after switchitig to 
the ctuymatic Ct passaging method 
(Supplementary Pig. 2 online). 

Because manufllly passaged 13C02 hES 
cells maintained a normal karyoiype 
through ICi passages, we then investigated 
whether limited CDB or C"l" passaging of 
hES cell colonies could be used to reduce 
or limit changes in karyotype. Limited 
disaggregation of BC02 hES cell colonics 
resulted in normnl karyotypes for 13 ami 
IS passages in CDB and CT treatments, 
respectively (Table 1). However, trisomy 
for chromosome 17 was observed by CDB 
passage 23, indicating that chromosomal 
abnonnulities eventually arose using 
current cn/.ymaiic/nonen/.ymaUc passaging 
methods. 

Abnormal karyotype was also associated 
with algntficant changes in expression of 
candidate genes implicated in maintaiiting 
pluripoieiicy'-' ' as well as of other genes 
related to early developmenul lineage 
restriction. DilVerential gene expression 
analyses by real-time PC:R was conducted 
on four BG02 hES cell groups. We tested 
the effect of passage number (early versus 
late) in both manual and enzymatic 
(CT) passaged cells. Gene expression 
of the aneuploid late CT was compared 
Lo the normHl karyotype groups (early 
manual, late manu.il and early CT), and 
the lite CT exhibited .1 higher expression 
of genes associated wiili plurlpoiency, 
including POU5Fl,SOX2, LEVTYl (also 
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Table 1 Results of cytogenetic and fluorescent in situ hybdridization (FISH) analyses of BGOl and BG02 hES cells bated on passace 
number and method of cell dispersal 



BGOl 

9G01 



46. XY r20J 

48, KY.*12.+17f20V 

4S.XXY,*12,*]7r51 



nsil chromDsomc 1 ?% sienai fount^-^ FISH chromosome 17% slenal counio c 



100% (200) 
n%(22J 



100% (200) 
12%(2<l) 




lOp^dOO) 
100% (100) 



100% (100) 
100% (200) 
100% (200) 
100% (200) 
100% (200) 
10010(200) 
100% (2001 



100% (100) 
100% (100) 



known as JEfiAF), CA.BRB3, GBX2 a.ad 
FCF13 (Supplementary Table la online). 
£ Eleven of 1 7 pluripotent genes were more 
g> highly expressed in late CT hES cells 
3 compared with the three chromosomally 
^ normal hES cell groups (highlighted in 
g Supplcmemary Table la online). Analysis 
3 of early embryonic dcvelopmcnl genes 
O (Supplementary Tables Ib-C online) 
^^y also revealed a higher escpression in hES 
^^^celis with an ahiinrmal luryorype (ki.e 
^^C",T) compared wiih the odier three 
karyo typically normal groups. Overall, 
more than 70% of the genes analysed were 
found to be significantly different between 
the abnormal karyotype late CT group and 
the normal early roamial, late manual and 
early CT groups (P < O.OS: Supplementary 
Table 1 online). 

Increased expression uf pluripotent genes 
m^y be a consecjocncc of in virro selection 
for specific aneuploid hES cell populations 
with enhanced proliferative ability under 
extended hulk pa.<»agine. Our daij also 
indicate that, in addition to increased 
expression of pluripotent genet, abnormal 
cell lines also exhibit increased expression 
uf early differentiation genes, implying that 
bulk passaging compromises the normal 



{jeiiB expression profile of undifferentiated 
hHS ceils. 

In summary, our results suggest that 
bulk passage mcihods (CT and CDB) can 
perpetuate aueuploid cell populations 
after extended passage in culiurc. but may 
be used for .shorter periods (up lo «l least 
IS passages) without comprnmt.<iing the 
karyotypes. Together with the findings of 
Draper er aL and Buzzard and colleagues 
on karyorypic itutability in hES cells, our 
data indicate that bulk passaging can lead 
nyi only to abnormal karyotypes but also to 
quaniiiative dilTcrenccs in gene expression. 
Even «o. it may be possible to maintain 
a normal karyotype in hES cells under 
long-teriti manual propagation eunditions 
followed by limited bulk passaging in 
experiments requiring greater qunntitics 
of hH!: cells than nunual passage inelhods, 
alone, can provide. In addition, our d.ita 
underscore the need fat simultaneous 
karyotypic and quantitative gene expression 
analyses to preserve and monitor tJie genetic 
integrity of h£S cells in continuous culture. 
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Abstract 

There have been recent reports of human embryonic stem cell (hESC) lines devclopine chromosoma] aberrations 
after long-term culture, indicating an unstable genomic status due to the in vitro milieu. This raises concern, 
since it would limit their use in therapeutics. In this study the chromosomal status of five well-characterized 
hESC lines. SA002, SA002.5, AS034.I.1. SA121 and SA461. was monitored during long-term in viiro culture. 
The criteria of defined hESCs were met by all of the five hESC lines (four diploid and one trisomic for 
chromosome 13). The genomes were screened fnr chromosomal aberrations and rearrangements using 
comparative genomic hybridiKation <CGH). inlciphasc fluorescence in situ hybridiznlion (FISH) and traditional 
IcaryotypiRg on several occasions while in culture. The genomic integrity was shown to be maintained aner 
repeated freezc-thaw procedures and continuous culture in vitro for up to 22 months (K8 passages). Wc discuss 
(he most common de novo chromosomal abeiraiions rcponcd in hESCs. as well as their possible origin. 



Introduction 

Humui cmbiyonic stem celb (hESCs) have been the 
focuji! of tnicn.^e rejtearch since the first successful 
isolation of human inner cell mass cells in 1994 
(Bongso ti al. 1994) and the establishment of the first 
hESC line (Thomson el al. 1998). The pluripotency 
of these celts opens the possibility for them to be 
used in therapeutics, for instance as a cure for 
Parkinson's disease and diabetes. Within the field of 
transplantation. hCSCs may be designed to be less 
susceptible in terms of graft rejection within a host, 
compared with adult donor cells. PUrthemiore. these 
cells may be used as a luui iit drug testing, as well as 
in developmental snidies of early embryogenesis. 



It has recently been suggested that hESCs are 
prone to acquiring chromosomal anomalies while 
being cultured continuously in vitro (Cowan ti al. 
2004, Praper ei al. 2004, In7.un7.a et al. 2004, Maiira 
et al. 2005). The cause of such potential instatjiliiy 
not fully Icnown. Jwarsson ei al. (1999) found that 
frozen- thawed human embryos of good morphology 
hod a slightly higher rote of aneuploidy than did non- 
cryopreserved ones. In addition, the in vitro culture 
milieu exposes the cells to several factors that may 
influence the genome. 

In order to keep the stem cells undirfereniiaieJ 
they must be cultured on a feeder layer, or a 
supponivc matrix, and in a medium containing more 
or less defined serum components (Amit et al. 2000. 
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Xu er a/. 2001, Hovana et al. 2003, Draper n al. 
2004. Koivisto di al. 2004. Stojkovjc tr al. 2005). 
Propagation of Uic cells using mechanical dissection 
alone (Hcins ez al. 2004, Koivii to ei al. 2004), or in 
combtaoiion with cell dissociation buffers or 
enzymes of different efficiency (Xu « at. 2001. 
Covwan el al. 2004, ijtojkovic ex al. 20O5). may affect 
the growth conditions and possibly also the genome 
in different ways. One possible outcome could be 
additional chromosomal material (i.e. trisomy), 
which could subsequently affect differentiation 
capacity, cell cycje regulation and the growth rate 
of the cells. The therapeutic potential of these cells 
could then be queationed. suggesiine 'he necessity to 
screen the stem cells for chromosomal anomalies 
both continuously atid prior to use for «uch purposes. 
Maitra and colleagues also found changes in 
methylation patterns and in mitochondrial deoxyri> 
bonuclcic acid (DNA) in hKSCs after long-cerm 
culture (Mailra ei al. 2005). 

The most common cytogenetic tools used today 
arc fluorescence in siiu hybridization (FISH), kar- 
yotyping and comparative genomic hybridization 
CCOH). When combined, the limitations of each of 
these techniques, i.e. the inability to screen all the 
chromosomes of the genome for chromosomal 
changes (FISH), analytical diflicultics due to the low- 
resolution banding panem in stem cells (karyotyping) 
and tlje inability to detect balanced translocations, 
mosaicism and ploidy (COH). may be circumvemcd. 

This is a retrospective study comparing the 
chromosomal status at early and late passages in five 
different hliSC lines. Information derived by karyo- 
typing and FISH (for chromosomes 13. 18, 21, X and 



C. Caisander ei al. 

Y, in some cases also for chromosomes 12, 17 and 
20) is here confirmed by the use of CGH. 



Materials and methods 

Culture of human embryome stem cell lines 

Surplus human embryos from clinical in vitro 
fertilization (IVF) treatments at the Sahlgrenska 
University Hospital in Goieborg and the Akadcmiska 
Hospital in Uppsala, Sweden, were donated after 
approval from the local ethics committees at Gfitc- 
borg University and Uppsala Univcnity and in- 
formed consent from the donors. Human embryonic 
stun cell lines were established and cultured as pre- 
viously described (Hein* el al. 2004). The HESC 
lines were cultured on mouse embryonic fibroblasts 
(MEFi) and routinely passaged every 4—5 days 
by mechanical dissection using a stem tell towl 
(Swemcd Lab International AB, BiJldal. Sweden). 
The medium used was VittoHES™. manufactured by 
Vitrolife AB (Kungsbacka. Sweden), with addition of 
4 ng/ml human recombinHnl basic fibroblast growth 
factor (hrbPGF). 

The following hESC lines were used in this study: 
SA002, SA002.5 (a sub line of SA002), AS034.M (a 
sub-line of AS034.1. which is a sub-line of AS034), 
SA121 and SA461. The SA lines were donated by 
Sahlgrenska University Hospital. GCteborg. and the 
AS line was donated by Akademiska Hospital, 
Uppsala. All five cell lines have been chromosomally 
analysed afker being frozen and thawed twice (see 
Table 1). The cell lines have been extensively 



er of cell linu al chrnnmiiHP«l analyiis and ai freMLingAhawing. 



Cell line 



Kaiyoiypine 



FreeziogAhawIng 



SA002 

SA00J.S' 

ASOM.J.t" 

SAI2I 

3A46I 



23.25.91 
*I9. f4| 

tI9. t.22 
3S 

13. 24 



36 



+7. tl7 
24. 31 
2. to 



The five ecJI Imes «/ere annlyscd uima nuorese«nce in tiiu hybridiwiion (FISH), kaiyotypint itii eompaiilirc eKtiomic hybridization (CCiHI 
in >he p>uage nuniben depieied in each column. Rusreacenee in sliu hyhridixaiion «oi performed wjih probei ipecifle fat chi«mosQnie« 1 3. 
18 and 21 and ihe eonoiomei!. The "+" tymbol in frani of ihe passage number r»r cell line SAOOZ.f and A5034.I.I indicates cultui« of ihc 
maiemal cell line for ISS (a) and 71 (b) pasut<*- rrjpeclively. 
*CeU line clonally derived fnm SA002 it patuge ISS. 

tell line elonally derived froin ASOSa.i ai paisagc 7 1, which In tuni is clonally derived fnm AS034 ai pimse 74. 
•This FISH resuli ii ba«cd on only 18 nuclei, all iiisemic for ehitMnmoire 13 and diso<nie tar chromoMmes 18. 1 1 «nil X. 
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characicrizcd. as described earlier (Heins ei ai. 
2004), by expression analyiij! of markcn characier- 
isiic for undiffercniiaied (Oct-<l. SSEA-3, SSEA-4. 
TRA-1-60 and TRA-1-81) and differenliated (SSEA- 
1) hP-SCs, meaaurcmcni of alkaline phosphoiose 
(ALP) activiiy, telomeiase activity and in vivo and 
in vHro pluripotcncy. 

Karyotyping and fluorescence in situ hybridiioiion 

Karyotype preparaikont and PISH onalysec were 
performed at dirfereni passages of the five hESC 
lines, zs shown in Table 1. For mitotic prcparationj. 
cells were cultured in VicroHES*'*' supplemented 
with 0.1 mg/ml colcemid (Invitrogcn, Slockhottn. 
Sweden) for up to 1 hour. The cells were harvested 
and fixed according to the method described by Deng 
et al. (2003). Mitotic preparations were stained with 
diamidino-phenylindole (DAPl) (50 ng/ml) (Vytis. 
Inc., Downers Grove. ZL, US). 

For FISH analy.<!iR, cells were fixed on flass slides 
as previously described (Jalcab5.<;on ei ai. 1995). A 
conunercially available kit coniaintnfi probe.« specific 
for chromosontcs 13. 1 5. 21. X and Y was used 
(MultiVyiion™ PGT Multicolour Probe Panel, 
Vysis, Inc.). Based on reported aberraiions in hESCs, 
probes for chrome sondes 12, 17 and 20 were 
successively included in the FISH analysis. Al the 
liTne, SA461 had been frozen and hence was not 
analysed for chromosomes 12, 17 and 20. The other 
four cell lines were studied at the fulluwing passages 
for chromosomes 12 and 17; SA002 al passage 27; 
SA002.5 at passage +31 ("+" indicates passage 
nun\ber after clonal derivation, see Table 1); 
AS034.I.I at passage +50: and SA121 at passage 
45 and 1 34. A$034. 1 . 1 was also studied for chromo- 
some 20 at passage +50. All probes were purchased 
from Vysis, Inc. (CEP 12. CEP 17, CEP 20). 
Hybridization and washirg of slides was performed 
at described elsewhere CHardarson ci a!. 2003). 
Between 100 and 200 nuclei were analysed for every 
cell line. Slides were analysed on a fluorescence 
microscope equipped with appropriate filienr and 
software (Cylovision. version 3.5; Applied Imaging, 
Newcastle upon Tync, UK). As a control for normal 
diploid cells, lymphocytes from a karyotypically 
normal male were used in addition to recommended 
values supplied with the probes. With regard to the 
FISH scoring criterion, signals had to be separated by 
the diameter of at least one signal to be scored as two 
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signals. The margin of error inherent in the FISH 
technique was taken into accovmt fur each probe, 
based on values supplied by the manufacturer. 

Cell line S.A002 (irisomic) and sub-line SA002.5 
(disomic) were more frequently analysed with the 
use of FISH for chromosome 13 witli the specific aim 
10 evaluate the degree of mosaicism over time. 

Between 10 and 20 cells were karyotyped for each 
cell line, except for cell line AS034.1.1 in passage 
22, aqd cell line SA461 in passage 13. for which only 
six analysable metaphasc plates per cell line could be 
found. Cell lines M^dth & majority of diploid karyo- 
types and aberrant karyotypes with random losses/ 
gains (up to 10% with the satne chromosome pair 
involved), were considered to be normal. 

Comparative genomic hybridization 

At the time of DNA extraction, colonies were 
allowed to grow for 7-(J days on MEFs before they 
were mechanically isolated. Blood from a kaiyotyp- 
ically normal male was used as reference material. 
(Gnomic DNA was extracted from the five hESC 
lines at separate passages (see Table 1), using a 
salting out technique. In short. 1 x red cell lysis 
buffer (for 5 x buffer: 1.6 mol/L sucrose. 57o 
TrilonX-IOO, 1 mol/L Tris-HCI and 25 mmol/L 
MgCli X 6HiO diluted to 500 ml) wa."; added to 
heparinizcd blood and centrifuged. The pellet was 
treated with Proteinase K and appropriate buffer at 
37'C ovcmighL After addition of 6 mol/L NaCl and 
centrifugation the DNA was precipitated by absolute 
ethanol. After washing in ice-cold eihanol (70%) the 
euiiceiitration was estimoted using a speotrophoiom- 
eler (GencQuant: Phatmflcia Biotech Ltd, Science 




13 n=28 

t-'igurt I. Compa»ilvc genomic hybridization itli:tii;i*<n piehle for 
cliromoionic 1 3 in Sa002 m paaufc 41. The iieo^nm indicalu » 
xurplvs of (lie »"hole ehiQinoxonial material, jftfiwn as i greeti bar 
along Ihc whole q-aim. N =• 28 chromoMmu analyied. 



11/07 2007 ONS 12:13 FAX +45 33970071 A.LBIHNS A/S 





ii 




ii 


H 

It 






ii !1 

in i> 


III 




IS 




IP 


• a • « 




a a 



^1 1} ii u )i 

H ?f Is <r 5f T! 

« ' Bp 10 11 12 

ft }i ei jc IB 10 

" " 15 16 ^^ „ 

'9 20 J1 M ,J y 

* 2. Female triamie tnd male diplaid karyolypn. T*o rtprarcnuiiv« karyotypei of SA002 (47.XX.+ I3) paiMge 23 «nd of 
(46JCY) tl ptsuee 22. 



Parte. Cambridge, England) and verified by eleciro- 
phorc.«i.s. As hybridization jlidej. normal meiaphase 
CCH targer $|idc3 (Vysis. Inc.) were used. 



Labelling of DNA was pcrfonncd using niclc 
translation, according to Vysis' protocol litip:// 
www,vysis.com/CGHprocedare_3302I.«*p 13/9/ 
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Chromosomal integrity maintained in hESC lines 




Figur* }. Fluorueenee in tjtu hybridtziiloii for chrpmuiemu 13, 
IB. 21. X and Y in SAI21 M passage 148. After jwo freew-ihau/ 
procedures and *» Wfp culture for J2 moiutu Auarcsccace in tiiu 
hybridization (FtSK) antlysl) ihowed a diploid chroirotomal 
ttaxii% rtgardlnj ehfemoiomes 13 (spectrum red). It (speemim 
aqua). 2 1 (spccirum green). X (apccvum blue) and Y (ipecmim 
gold). Seaja hu indleiui S Mm. 



200S). All reagents were purchased from Inviirogen 
(Sweden), except fluorcscein-l2-dirrP and TexM 
Red-S-dUTT (Perkin Elmer Life Sciences, Inc., Bos- 
ton, MA. US). After labelling, the lengths of the 
DMA fragments were verified by gd eleelruphuresis 
lo be in the interval of 600-2000 base pairs (bp). The 
probe wa< prccipiiaied, hybridized co target slides 
and waslied according to Vysis' protocol. 

For analysis, the CytoVision CGH software 
program, version 3.S, was used together with a 
fluorescence microscope (Ntlcon Eclipse E600) 
equipped with appropriate filters. For each cell line, 
tcnio IS mitotic cells passing the CGH quality control 
test were analysed using 99.5% confidence limit and 
dynamic standard reference interval thresholds, and 
taking into account variations in normal samples. 



Results and discussion 

Chromosomal siobHiry in ihn fivt human embryonic 
stem cell lines studied 

Of ilm five hH.SC lines analysed and previously 
shown to meet the crimria of a tlefinBrt hKSC, all but 
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one showed a diploid genome. Cell line SA002 
carried a chrotnosome 1 3 trisomy (Figures 1 and 2) 
detected at passngc 19. However, with subsequent 
FISH analysis a few individual cells with two copies 
of chromosome 13 were observed on separate 
occasions. Tliis sudden ."tppearancc of diploid cens 
diminished after addidonal pa.<:(;agei: and evennially 
these cells disappeared. This sporadic mosaicism 
provided die opportunity for deriving a diploid sub- 
line and SA002.5 was established, with two copies of 
chromosome 13 of unknown origin (i.e. maiernally 
or paternally derived). It is possible ih&l S A002 has a 
somewhat unstable karyotype owing to it* congenital 
trisomy. 

The other cell lines maintained genomic stability 
even after freeze-thaw procedures and continuous in 
vitro culnjre for 36-148 passages (5-22 months) 
(Table 1 and Figure 3). With regard to FISH analysis 
of chromosomes 12, 17 and 20 (20 only analysed in 
AS034.1.1) all four cell lines studied. SA002. 
SA002J, AS034.I.1 and SA121, were diploid. A 
comparison of the information derived by FISH and 
karyotyping showed that both medtods were consis- 
tent in revealing the same chromosomal status in all 
five cell lines. The karyotype and FISH resulu were 
further verified by CGH at later psssaeea. 

De novo aberrations in human embryonic stem ce.U 
lines arid proliferoiinn rale 

Human embryonic stem cells may be prone to 
specific genetic changes involving addition of the 
whole or parts of chromosomes 12, 17, 20 or X 
(Cowan et al. 2004. Draper et at. 2004, Inzunza el al. 
2004, Rosier et al. 2004, Maiira ei al. 2005, 
Miialipova et al. 2005). Why these chromusumes 
seem to be involved more often in genetic aberra- 
tions is not yet fully clear, but it has been speculated 
that karyoiypic changes that increase the dosage of 
the genes on specific chromosomes could provide a 
selective advantage for proliferation in vitro (Cowan 
et al. 2004). In the study by Cowan and colleagues. 
hESCs in an early passage had a longer population 
doubling time than did hESCs thai had been in 
culture for longer periods of time (i.e. more than 40 
passages) which also coincided with occurrence of 
trisomy of chromosome )2. Draper and co-workers 
reponed a gain of chromosome 17q in two cell lines 
on fuur independent occasions (Orspcr et at. 2004). 
This triisomy was at first not seen in all nuclei, but the 
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trisoTTiic fraction became successively larger after 
addiiional passages. By conirasi, the cell lijuss 
studied in our laborotory showed a scable chromo- 
somal constitution over time, apan from short periods 
of inw-degrcc mosaicism (47;CX + I3/46.XX) in 
SA002. Interestingly, the spontaneously occurring 
disomic cells in cell line SA002 never succeeded in 
outgrowing the trisomic cells (data not shown), 
indicating that an extra chromosome 13 does hot 
seem to negatively affect cell proliferation rate. 
However, the proliferation rate may also be influ- 
enced by the frcnuency of passaging and the density 
with which the h£SCs arc seeded. 

Passaging techniques used and culture eondirtons 

One possible cause of genetic changes may be the 
technique used when passaging the cells. Karyotypic 
aberrations have mostly been observed when enzy- 
malic or chemical passaging of the stem cells has been 
applied (Amit er al. 2000. Cowan et al. 2004. Draper 
et al. 2004. Inzunza et al. 2004, Mitalipova ei al. 
2005). In addition, selection of cells to be passaged 
differs between chemical/cnzymaiie and mechanical 
passaging. When colonics are mechanically cut into 
smaller pieces, selection is based on the morphol- 
ogy of the cells, and colonies or areas with a 
differentiated morphology can therefore be avoided. 
Using enzymatic dissociation, however, selection of 
cells is based on adherence rather than morpholog- 
ical differences, in addition to a possible sensibility 
of the cells to die enzyme itself. Mechanical cutting 
is, however, a more time-consuming technique. 

Cuirenl culturing techniques expose the cells to 
ailTcrcnt factors, such as feeder layers or matrices uf 
animal origin and scrum that may give rise to. genetic 
changes. Also, already before establishment of hESC 
lines the early pre-implanuiion cmbiyo way be 
affected by the culture conditions in vitro, with 
possible subsequent influence on the stem cell 
genome (Gardner & Lane. 20OS}. 



Conclusions 

In this paper we report chromosomal integrity in five 
hESC lines after two freezc-thaw procedures and, 
thereafter, continuous time In culture from 36 up to 
134 passages or apprnximstcly 5-22 months. Cell 
lines were analysed using three different analytical 
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tools. Mechanical passaging was used consistently, 
which could be one explanation why our hESC lines 
maintained a stable karyotype throughout the pas- 
sages, We routinely used a commercially available 
probe kit specific for chromosomes 13. 18 and 21 
and the gonosomes. However, reponed de novo 
chromosomal aberrations in hESC lines indicate that 
a set of FISH probes specific for chromosomes 12. 
I7q, 20 and Xq (and possibly 13) would be more 
appropriate. Although PISH analysis using chromo- 
some enumeration probes (CEPs) gives reliable 
results, it enables detection of only a fraction of 
possible aberrations. Hencc. recurrent screening with 
FISH for the most common aberrations in hESCs needs 
to be complemented by Iraryotyping and/or CGH 
analysis initially, as well as nhei freeze-ihaw proce- 
dures and after long-iciin in vitro culture. F^inher 
research needs to be carried out concerning different 
passaging techniques and culture conditions to better 
understand their «ffects on hESC chromosomal 
stability. 
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A method for the establishment of a pluripotent human blastocyst-derived stem cell 
line 

5 Field of the invention 

The present invention concerns a method for the establishment of a pluripotent human 
blastocyst-derived stem (BS) cell line, stem cells obtained by the method, differentiation 
of these cells into differentiated cells, the differentiated cells and the use of these differen- 

10 tiated cells in the preparation of medicaments. The undifferentiated pluripotent stem cells 
can be made to differentiate to a number of specialized cell types which can be utilized in 
the manufacture of medicaments for treating a number of conditions or pathologies in- 
volving degeneration of tissue e.g. of the pancreas leading to e.g. development of diabe- 
tes, or of the CNS (e.g. Alzheimer's, Parkinson's disease etc.) or degeneration of the 

1 5 CNS caused by e.g. stroke or physical trauma. 

Background of the invention 

A stem cell is a cell type that has a unique capacity to renew itself and to give rise to spe- 
20 cialized or differentiated cells. Although most cells of the body, such as heart cells or skin 
cells, are committed to conduct a specific function, a stem cell is uncommitted, until it re- 
ceives a signal to develop into a specialized cell type. What makes the stem cells unique 
is their proliferative capacity, combined with their ability to become specialized. For years, 
researchers have focused on finding ways to use stem cells to replace cells and tissues 
25 that are damaged or diseased. So far, most research has focused on two types of stem 
cells, embryonic and somatic stem cells. Embryonic stem cells are derived from the pre- 
implanted fertilized oocyte, i.e. blastocyst, whereas the somatic stem cells are present in 
the adult organism, e.g. within the bone marrow, epidermis and intestine. Pluripotency 
tests have shown that whereas the embryonic or blastocyst-derived stem cells (hereafter 
30 referred to as blastocyst-derived stem cells or BS cells) can give rise to all cells in the or- 
ganism, including the germ cells, somatic stem cells have a more limited repertoire in de- 
scendent cell types. 

In 1998, investigators were for the first time able to isolate BS cells from human fertilized 
35 oocytes and to grow them in culture see e.g. US 5 843 780 and in US 6 200 806. 
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The procedure used in the patent specifications mentioned above depends on the use of 
blastocysts with an intact zona pellucida. Furthermore, the method disclosed in these pat- 
ents specifically use inner cell mass cells that have been isolated by immunosurgery for 
plating on mouse embryonic feeder cells. This method has several drawbacks, for exam- 
5 pie, it is time consuming, technically difficult and results in low yields of stem cells. Taken 
together, these drawbacks make it a costly method. 

So far, only two articles have been published on establishment and characterization of 
hBS cells. This low number illustrates the unexpected problems associated with establish- 
10 ing these stem cells from human blastocysts. As a result very few hBS cell lines are avail- 
able. The present invention describes a method for the preparation of hBS cell lines and a 
combination of method steps that independently will not be sufficient for deriving hBS 
cells but when used together they constitute the minimal requirement for successful deri- 
vation of hBS cells. 

15 

Furthermore, the present invention allows a successful derivation of hBS stem cell lines 
from hatched and intact blastocysts and allows for derivation of hBS cell lines after plating 
blastocysts onto feeder cells. 

20 One of the difficulties with previously described methods has been to achieve an efficient 
attachment of the blastocysts to the feeder cells. This has resulted in low yields of end- 
product cells. The present invention addresses this problem. 

Perhaps the most far-reaching potential application of hBS cells is the generation of cells 
25 and tissue that could be used for so-called cell therapies. Many diseases and disorders 
result from disruption of cellular function or destruction of tissues of the body. Today, do- 
nated organs and tissues are often used to replace ailing or destroyed tissue. Unfortu- 
nately, the number of people suffering from disorders suitable for treatment by these 
methods far outstrips the number of organs available for transplantation. The availability 
30 of hBS cells and the intense research on developing efficient methods for guiding these 
cells towards different cell fates, e.g. insulin-producing (S-cells, cardiomyocytes, and do- 
pamine-producing neurons, holds growing promise for future applications in cell-based 
treatment of degenerative diseases, such as diabetes, myocardial infarction and Parkin- 
son's. 
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Description of the invention 

The inventors have established a novel method for establishing a pluripotent human blas- 
tocyst-derived stem cell line from a fertilized oocyte, including propagation of the cell line 
5 in an undifferentiated state. 

Thus, the present invention relates to a method for obtaining a pluripotent human blasto- 
cyst-derived stem cell line, the method comprising the steps of 

i) using a fertilized oocyte optionally, having a grade 1 or 2, to obtain a blastocyst, op- 
10 tionally having a grade A or B, 

ii) co-culturing the blastocyst with feeder cells for establishing one or more colonies of 
inner cell mass cells, 

iii) isolating the inner cell mass cells by mechanical dissection, 

iv) co-culturing of the inner cell mass cells with feeder cells to obtain a blastocyst- 
1 5 derived stem cell line. 

v) optionally, propagation of the blastocyst-derived stem cell line. 

In accordance with to the above, it is one object of the present invention to provide a 
method for establishing an undifferentiated human blastocyst-derived stem cell line. As a 
20 starting material for this procedure, fertilized oocytes are used. The quality of the fertilized 
oocytes is of importance for the quality of the resulting blastocysts. 

In the method of the present invention, the establishment and evaluation of blastocysts 
are performed as described below. The human blastocysts in step i) of the method may 

25 be derived from frozen or fresh human in vitro fertilized oocytes. In the following is de- 
scribed a procedure for selecting suitable oocytes for use in a method according to the 
present invention. The present inventors have found that an important success criterion 
for the present method is a proper selection of oocytes. Thus, if only grade 3 oocytes are 
applied, the probability of obtaining a hBS cell line fulfilling the general requirements (de- 

30 scribed below) is low. 

Donated fresh fertilized oocytes: On day 0 the oocyte is aspirated In Asp-100 (Vitrolife), 
and fertilized on day 1 in IVF-50 (Vitrolife). The fertilized oocyte is evaluated based on 
morphology and cell division on day 3. The following scale is used for fertilized oocyte 
35 evaluation: 
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Grade 1 fertilized oocyte: Even blastomers, no fragnnents 
Grade 2 fertilized oocyte: <20% fragnnents 
Grade 3 fertilized oocyte: >20% fragnnents 

5 After evaluation on day 3, fertilized oocytes of grade 1 and 2 are either implanted or fro- 
zen for storage. Fertilized oocytes of grade 3 are transferred to ICM-2 (Vitrolife). The fer- 
tilized oocytes are further cultured for 3-5 days (i.e. day 5-7 after fertilization). The blasto- 
cysts are evaluated according to the following scale: 

10 Grade A Blastocyst: Expanded with distinct inner cell mass (ICM) on day 6 
Grade B Blastocyst: Not expanded but otherwise like grade A 
Grade C Blastocyst: No visible ICM 

Donated frozen fertilized oocytes: At day 2 (after fertilization) the fertilized oocytes are fro- 
15 zen at the 4-cell stadium using Freeze-Kit (Vitrolife). Frozen fertilized oocytes are stored 
in liquid nitrogen. Informed consent is obtained from the donors before the 5-year limit 
has passed. The fertilized oocytes are thawed using Thaw-Kit (Vitrolife), and the proce- 
dure described above is followed from day 2. 

20 As described above, fresh fertilized oocytes are from grade 3 quality, and frozen fertilized 
oocytes are from grade 1 and 2. According to data obtained by the methods of the pre- 
sent invention, the percentage of fresh fertilized oocytes that develop into blastocysts is 
19%, while 50% of the frozed fertilized oocytes develop into blastocysts. This means that 
the frozen fertilized oocytes are much better for obtaining blastocysts, probably due to the 

25 higher quality of the fertilized oocytes. 1 1 % of the blastocysts derived from fresh fertilized 
oocytes develop into a stem cell line, while 15% of the blastocysts derived from frozen 
fertilized oocytes develop Into a stem cell line. In summary, of the fertilized oocytes that 
were put into culture 2% of fresh fertilized oocytes developed into a stem cell line, and 7% 
of frozen fertilized oocytes that were put into culture developed Into a stem cell line. 

30 

The culturing of the fertilized oocyte to the blastocyst-stage Is performed after procedures 
well-known in the art. Procedures for preparing blastocysts may be found in Gardner et al, 
Embryo culture systems, In Trounson, A. O., and Gardner, D. K. (eds;. Handbook of in 
vitro fertilization, second edition. CRC Press, Boca Raton, pp. 205-264; Gardner et al, 
35 Fertil Steril, 74, SuppI 3, O-086; Gardner et al. Hum Reprod, 13, 3434,3440; Gardner et 
al, J Reprod Immunol, In press; and Hooper et al, Biol Reprod, 62, SuppI 1, 249. 
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After establishment of blastocysts in step i) optionally derived from fertilized oocytes hav- 
ing grade 1 or 2, the blastocysts having grade A or B are co-cultured with feeder cells for 
establishing one or more colonies of inner cell mass cells. After being plated onto feeder 
5 cells, their growth is monitored and when the colony is large enough for manual passag- 
ing (approximately 1-2 weeks after plating), the cells may be dissected from other cell 
types and expanded by growth on new feeder cells. The isolation of the inner cell mass 
cells is performed by mechanical dissection, which may be performed by using glass cap- 
illaries as a cutting tool. The detection of the inner cell mass cells is easily performed 
10 visually by microscopy and, according, it is not necessary to use any treatment of the oo- 
cytes with enzymes and/or antibodies to impair or remove the trophectoderm. 

Thus, the procedure alleviates the need for immunosurgery. By comparing the success- 
rate in using immunosurgery versus the present method, which leaves the trophectoderm 

15 intact, it has been observed that the much simpler, faster and non-traumatic procedure of 
avoiding immunosurgery is more efficient than immunosurgery. The novel procedures 
make the preparation of stem cell lines, and the differentiation of these cell lines commer- 
cially feasible. From a total of 122 blastocysts, 19 cell lines were established (15.5%). 42 
blastocysts were processed by immunosurgery and 6 of these resulted in successfully es- 

20 tablished cell lines (14%). Eighty blastocysts were processed by the present method and 
13 cell lines were established (16%). 

Subsequent to dissection of the inner cell mass, the inner cell mass cells are co-cultured 
with feeder cells to obtain a blastocyst-derived stem (BS) cell line. After obtaining the BS 

25 cell line, the cell line is optionally propagated to expand the amount of cells. Thus, the 

present invention relates to a method as described above wherein the blastocyst-derived 
stem cell line is propagated. In one aspect, the invention relates to a method in which the 
propagation of blastocyst-derived stem cell line comprises passage of the stem cell line 
every 4-5 days. If the stem cell line is cultured longer than 4-5 days before passage, there 

30 is an increased probabilily that the cells undesirably will differentiate. 

A specific procedure of passaging the cells is given in Example 5 herein. 

Human BS cell lines may be isolated either from spontaneously hatched blastocysts or 
35 from expanded blastocysts with an intact zona pellucida. Thus the present invention re- 
lates to a method as described above in which the blastocyst in step i) is a spontaneously 
hatched blastocyst. For hatched blastocysts the trophectoderm may be left intact. Either 
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hatched blastocysts or blastocysts with a removed or partially removed zona pellucida 
may be put on inactivated feeder cells. 

Zona pellucida of the blastocyst may be at least partially digested or chemically frilled 
5 prior to step ii) e.g. by treatment with one or more acidic agents such as, e.g., ZD™-10 
(Vitrolife, Gothenburg, Sweden), one or more enzymes or mixture of enzymes such as 
pronase. 

A brief pronase (Sigma) treatment of blastocysts with an intact zona pellucida results in 
10 the removal of the zona. Other types of proteases with the same or similar protease activ- 
ity as pronase may also be used. The blastocysts can be plated onto said inactivated 
feeder cells following the pronase treatment. 

In an embodiment of the invention step ii) and/or step iv) may be performed in an agent 
1 5 that improves the attachment of the blastocysts and/or if relevant the inner cell mass cells 
to the feeder cells. 

A suitable substance for this purpose is a hyaluronic acid. 

20 A suitable medium for plating the blastocysts onto feeder cells can be BS-medium that 
may be complemented with hyaluronic acid, which seems to promote the attachment of 
the blastocysts on the feeder cells and growth of the inner cell mass. Hyaluronan (HA) is 
an important glycosaminogiycan constituent of the extracellular matrix in joints. It appears 
to exert its biological effects through binding interactions with at least two cell surface re- 

25 ceptors: CD44 and receptor for HA-mediated motility (RHAMM), and to proteins in the ex- 
tracellular matrix. The positive effects of HA during the establishment of hBS cells may be 
exerted through its interactions with the surfactant polar heads of phospholipids in the cell 
membrane, to thereby stabilize the surfactant layer and thus lower the surface tension of 
the inner cell mass or blastocyst which may result in increased efficiency in binding to the 

30 feeder cells. Alternatively, HA may bind to its receptors on the inner cell mass or blasto- 
cyst and/or to the feeder cells and exert biological effects which positively influence the 
attachment and growth of the inner cell mass. According to this, other agents that may 
alter the surface tension of fluids, or in other ways influence the interaction between the 
blastocyst and feeder cells can also be used in instead of hyaluronic acid. 

35 

The inventors have also found that the culturing of the feeder cells is of importance for the 
establishment of the hBS cell line. In one embodiment, the propagation of blastocyst- 
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derived stem cell line comprises passage of the feeder cells at the most 3 times, such as 
e.g. at the most 2 times. 

Suitable feeder cells for use in a method of the invention are embryonic feeder cells. In a 
5 method according to the invention the feeder cells employed in steps ii) and iv) are the 
same or different and originate from animal source such as e.g. any mammal including 
human, mouse, rat, monkey, hamster, frog, rabbit etc. Feeder cells from human or mouse 
species are preferred. 

10 Another important criterion for obtaining an hBS cell line fulfilling the general requirements 
are the conditions under which the blastocysts are cultured. The blastocyst-derlved stem 
cell line may accordingly by propagated by culturing the stem cells with feeder cells of a 
density of less than about 60,000 cells per cm^, such as e.g. less than about 55,000 cells 
per cm^, or less than about 50,000 cells per cm^. In a specific embodiment, the propaga- 

15 tion of blastocyst-derived stem cell line comprises culturing the stem cells with feeder 

cells of a density of about 45,000 cells per cm^. These values apply in those cases where 
mouse feeder cells are used and it is contemplated that a suitable density can be found 
for other types of feeder cells as well. Based on the findings of the present inventors, a 
person skilled in the art will be able to find such suitable densities. 

20 

In a method according to the invention, the feeder cells may be mitotically inactivated in 
order to avoid unwanted growth of the feeder cells. 

The blastocyst-derived stem cell line obtained by the present invention maintains selfre- 
25 newal and pluripotency for a suitable period of time and, accordingly it is stable for a suit- 
able period of time. In the present context the term "stable" is intended to denote prolif- 
eration capacity in an undifferentiated state for more than 21 months when grown on mi- 
totically inactivated embryonic feeder cells. 

30 The stem cell line obtained by the present invention fulfils the general requirements. 
Thus, the cell line 

i) exhibits proliferation capacity in an undifferentiated state for more than 21 months 
when grown on mitotically inactivated embryonic feeder cells, and 

ii) exhibits normal euploid chromosomal karyotype, and 

35 iii) maintains potential to develop into derivatives of all types of germ layers both in vi- 

tro and in vivo, and 
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iv) exhibits at least two of tlie following molecular markers OCT-4, alkaline phos- 
phatase, the carbohydrate epitopes SSEA-3. SSEA-4, TRA 1-60, TRA 1-81, and the 
protein core of a keratin sulfate/chondroitin sulfate pericellular matrix proteinglycan 
recognized by the monoclonal antibody GCTM-2, and 
5 v) does not exhibit molecular marker SSEA-1 or other differentiation markers, and 

vi) retains its pluripotency and forms teratomas in vivo when injected into immuno- 
compromised mice, and 

vii) is capable of differentiating. 

10 The undifferentiated hBS cells according to the present invention is defined by the follow- 
ing criteria; they were isolated from human pre-implantation fertilized oocytes, i.e. blasto- 
cysts, and exhibit a proliferation capacity in an undifferentiated state when grown on mi- 
totically inactivated feeder cells; they exhibit a normal chromosomal karyotype; they ex- 
press typical markers for undifferentiated hBS cells, e.g. OCT-4, alkaline phosphatase, 

15 the carbohydrate epitopes SSEA-3, SSEA-4, TRA 1-60, TRA 1-81 , and the protein core of 
a keratin sulfate/chondroitin sulfate pericellular matrix proteinglycan recognized by the 
monoclonal antibody GCTM-2, and do not show any expression of the carbohydrate epi- 
tope SSEA-1 or other differentiation markers. Furthermore, pluripotency tests in vitro and 
in vivo (teratomas) demonstrate differentiation into derivatives of all germ layers. 

20 

According to the above, the invention is an essentially pure preparation of pluripotent hu- 
man BS cells, which i) exhibits proliferation capacity in an undifferentiated state for more 
than 21 months when grown on mitotically inactivated embryonic feeder cells; ii) exhibits 
normal euploid chromosomal karyotype; iii) maintains potential to develop into derivatives 

25 of all types of germ layers both in vitro and in vivo; iv) exhibits at least two of the following 
molecular markers OCT-4. alkaline phosphatase, the carbohydrate epitopes SSEA-3. 
SSEA-4. TRA 1-60. TRA 1-81. and the protein core of a keratin sulfate/chondroitin sulfate 
pericellular matrix proteinglycan recognized by the monoclonal antibody GCTM-2 v) does 
not exhibit molecular marker SSEA-1 or other differentiation markers, and vi) retains its 

30 pluripotency and forms teratomas in vivo when injected into immuno-compromised mice, 
and vii) is capable of differentiating. 

Procedures for the detection of cell markers can be found in Gage, F. H., Science, 
287:1433-1438 (2000). These procedures are well known for the skilled person and in- 
35 dude methods such as RT-PCR or immunological assays where antibodies directed 

against the cell markers are used. In the following, methods for detection of cell markers, 
hybridisation methods, karyotyping, methods for measuring telomerase activity and tera- 
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toma formation are described. These methods can be used to investigate whether the 
hBS cells obtained according to the present invention fulfil the above-mentioned criteria. 

Immunohistochemistry 

5 The human BDP stem cells maintained in culture are routinely monitored regarding their 
state of differentiation. Cell surface markers used for monitoring the undifferentiated BS 
cells are SSEA-1. SSEA-3, SSEA-4, TRA-1-60, TRA-1-81. Human BDP stem cells are 
fixed in 4% PFA and subsequently permeabilized using 0.5% Triton X-100. After washing 
and blocking with 10% dry. milk the cells are incubated with the primary antibody. After 
10 extensive washes the cell are incubated with the secondary antibody and the nuclei are 
visualized by DAP! staining. 

Alkaline phosphatase 

The activity of alkaline phosphatase is determined using a commercial available kit follow- 
15 ing the instructions from the manufacturer (Sigma Diagnostics). 

Oct-4 RT-PCR 

The mRNA levels for the transcription factor Oct-4 is measured using RT-PCR and gene 
specific primer sets (5'-CGTGAAGCTGGAGAAGGAGAAGCTG (SEQ ID NO: 1) . 
20 5'-CAAGGGCCGCAGCTTACACATGTTC (SEQ ID NO: 2) ) and GAPDH as housekeep- 
ing gene (5'-ACCACAGTCCATGCCATCAC (SEQ ID NO: 3) . 5'- 
TCCACCACCCTGTTGCTGT A (SEQ ID NO: 4) ). 

Fluorescence In Situ Hybridization (FISH) 

25 In one round of FISH one ore more chromosomes are being selected with chromosome 
specific probes. This technique allows numerical genetic aberrations to be detected, if 
present. For this analysis CTS uses a commercially available kit containing probes for 
chromosome 13, 18, 21 and the sex chromosomes (X and Y) (Vysis. Inc, Downers Grove, 
IL, USA). For each cell line at least 200 nuclei are being analyzed. The cells are resus- 

30 pended in Carney's fixative and dropped on positively charged glass slides. Probe LSI 

13/21 is mix with LSI hybridization buffer and added to the slide and covered with a cover 
slip. Probe CEP X/Y/^8 is mixed with CEP hybridization buffer and added in the same 
way to another slide. Denaturing is performed at 70°C for 5 min followed by hybridization 
at 37°C in a moist chamber for 14-20h. Following a three step washing procedure the nu- 

35 clei are stained with DAPI II and the slides analyzed in an invert microscope equipped 
with appropriate filters and software (CytoVision, Applied Imaging). 
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Karyotyping 

Karyotyping allows all chromosomes to be studied in a direct way and is very informative, 
both numerical and larger structural aberrations can be detected. In order to detect mo- 
5 saicism, at least 30 karyotypes are needed. However, this technique is both very time 
consuming and technically intricate. To improve the conditions for the assay the mitotic 
index can be raised by colcemid, a synthetic analog to colchicin and a microtubule- 
destabilizing agent causing the cell to arrest in metaphase, but still a large supply of cells 
are needed (6x10® cells/analysis). The cells are incubated in the presence of 0.1|jg/ml 
10 colcemid for 1-2h, and then washed with PBS and trypsinized. The cells are collected by 
centrifugation at 1500rpm for 10min. The cells are fixed using ethanol and glacial acetic 
acid and the chromosomes are visualized by using a modified Wrights staining. 

Comparative genomic hybridization 

15 Comparative genomic hybridization (CGH) is complementary to karyotyping. CGH gives a 
higher resolution of the chromosomes and is technically less challenging. Isolated DNA is 
nicktranslated in a mixture of DNA, A4, Texas red -dUTP/ FITC 12-dUTP, and DNA poly- 
merase I. An agarose gel electrophoresis is performed to control the size of resulting 
DNA fragments (600-2000 bp). Test and reference DNA is precipitated and resuspended 

20 in hybridization mixture containing formamide, dextrane sulfate and SSC. Hybridization is 
performed on denatured glass slides with metaphases for 3 days at 37'C in a moist 
chamber. After extensive washing one drop of antifade mounting mixture (vectashield, 
0,1pg/ml DAPI II) is added and the slides covered with cover slips. Slides are subse- 
quently evaluated under a microscope and using an image analysis system. 

25 

Telomerase activity 

Since a high activity has been defined as a criterion for BS cells 6 the telomerase activity 
is measured in the BS cell lines. It is known that telomerase activity successively de- 
crease when the cell reaches a more differentiated state. Quantifying the activity must 

30 therefore be related to earlier passages and control samples, and can be used as a tool 
for detecting differentiation. The method, Telomerase PGR ELISA kit (Roche) uses the 
internal activity of telomerase, amplifying the product by polymerase chain reaction (PGR) 
and detecting it with an enzyme linked immunosorbent assay (ELISA). The assay is per- 
formed according to the manufacturer's instructions. The results from this assay shows 

35 typically a high telomerase activity (>1 ) for BS cells. 



11 



The cell lines retain their plurlpotency and forms teratomas in vivo when injected into im- 
muno-compromised mice. In addition, in vitro these cells can form BS cell derived bodies. 
In both of these models, cells characteristic for all germ layers can be found. 

5 Teratoma formation in immunodeficient mice 

One method to analyze if a human BS cell line has remained pluripotent is to xenograft 
the cells to immunodeficient mice in order to obtain tumors, teratomas. Various types of 
tissues found in the tumor should represent all three germlayers. Reports have showed 
various tissues in tumors derived from xenografted immunodeficient mice, such as stri- 
10 ated muscle, cartilage and bone (mesoderm) gut (endoderm), and neural rosettes (ecto- 
derm). Also, large portions of the tumors consist of disorganized tissue. 

Severe combined immunodeficient (SCID) -mice, a strain that lack B- and T-lymphocytes 
are used for analysis of teratoma formation. Human BS cells are surgically placed in ei- 

15 ther testis or under the kidney capsule. In testis or kidney, BS cells are transplanted in the 
range of 10 000-100 000 cells. Ideally, 5-6 mice are used for each cell line at a time. Pre- 
liminary results show that female mice are more post-operative stable than male mice and 
that xenografting into kidney is as effective in generating tumors as in testis. Thus, a fe- 
male SCID-mouse teratoma model is preferable. Tumors are usually palpable after ap- 

20 proximate 1 month. The mice are sacrificed after 1-4 months and tumors are dissected 
and fixed for either paraffin-or freeze-sectioning. The tumor tissue is subsequently ana- 
lyzed by immunohistochemical methods. Specific markers for all three germlayers are 
used. The markers currently used are: human E-Cadherin for distinction between mouse 
tissue and human tumour tissue, a-smooth muscle actin (mesoderm), a -Fetoprotein (en- 

25 doderm), and (3-lll-Tubulin (ectoderm). Additionally, hematoxylin-eosin staining is per- 
formed for general morphology. 

The hBS cell line obtained by the method according to the method of the present inven- 
tion can be used for the preparation of differentiated cells. Therefore the invention also 
30 relates to such differentiated cells. 

In a further embodiment, the hBS cell line according to the invention has the ability of dif- 
ferentiating into an Insulin producing cells. They may be capable of forming islet-like 
structures, and the amount of insulin producing p-cells is generally higher than 25%, such 
35 as e.g. higher than 35%, or higher than 40%, or higher than 45%, or higher than 50%. 
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Thus in one embodiment, the insulin producing cells produces at least about 300 ng insu- 
lin/mg total protein such as at least about 380 ng insulin/mg total protein or at least about 
450 ng insulin/mg total protein. 

5 The blastocyst-derived stem cells may have the ability to differentiate into differentiated 
cells, which display the expression of pancreatic cell type markers, including at least one 
of insulin, Glut-2, Pdx-1 , glucokinase, glucagon and somatostatin. 

Alternatively the hBS cells have the ability to differentiate into insulin-producing cells char- 
10 acterized by their organization into islet-like structures comprising an inner core of p-cells 
surrounded by an outer layer of neuron-type cells, which neuron-type cells display ex- 
pression of at least one of the following neuronal cell type markers, including neuron- 
specific p-lll tubulin (TUJ1), NeuN, DoubleCortin, tyrosine hydroxylase and Map 2. 

15 An object of the invention is also to provide an essentially pure preparation of BS stem 
cells that can be made to differentiate into oligodendrocytes, and also to provide an es- 
sentially pure preparation of oligodendrocytes prepared by this method. Oligodendrocytes 
can be characterized by the presence of cell markers such s RIP. GalC or 04. 

20 The blastocyst-derived stem cells that are capable of being made into differentiated cells 
may display the expression of at least one of the following neuronal cell type markers, in- 
cluding neuron-specific p-lll tubulin (TUJ1), NeuN, DoubleCortin, tyrosine hydroxylase 
and Map 2. 

25 In a still further aspect, the invention relates to the use of a preparation of differentiated 
cells derived from the blastocyst-derived stem cells obtained by a method according to 
the invention for the manufacture of a medicament for the prevention or treatment of pa- 
thologies or diseases caused by tissue degeneration. 

30 A further object of the invention is to provide cells that may be used for the preparation of 
a medicament for treating and/or preventing diseases that may be cured by "cell genesis". 
By the term "cell genesis" is meant the generation of new cells such as neurons, oli- 
godendrocytes, Schwann cells, astroglial cells, all blood cells, chondrocytes, cardiomyo- 
cytes, oligodendroglia, astroglia, and/or different types of epithelium, endothelium, liver-, 

35 kidney-, bone-, connective tissue-, lung tissue-, exocrine and endocrine gland tissue-cells. 
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In an embodiment, the invention relates to the use of a preparation of differentiated cells 
derived from the blastocyst-derived stem cells obtained for the manufacture of a medica- 
ment for the prevention or treatment of pathologies or diseases in the pancreas such as 
diabetes including diabetes type I. 

The differentiated cells derived from the blastocyst-derived stem cell line obtained may 
also be used for the manufacture of a medicament for the prevention or treatment of pa- 
thologies or diseases in the nervous system. Such diseases include multiple schlerosis, 
spinal chord injury, encephalopathies, Parkinson's disease, Huntingdon's disease, stroke, 
traumatic brain injuries, hypoxia induced brain injuries, ischemia induced brain injuries, 
hypoglycemic brain injuries, degenerative disorders of the nervous system, brain tumors 
and neuropathies in the peripheral nervous system. 

In a still further embodiment, the invention relates to a kit for performing the method ac- 
cording to the invention. The kit comprises at least a first and a second component in 
separate compartments. The components comprise an agent that improves the attach- 
ment of the blastocysts, a digestive agent, BS-cell medium and/or feeder cells or mixtures 
thereof. 

The kit may further comprise blastocysts with an intact zona pelludica or spontaneously 
hatched blastocysts. 

In another aspect, the invention relates to a method for producing an essentially pure 
preparation of insulin-producing differentiated stem cells, comprising the steps of; 

i) expanding human blastocyst-derived stem cells by growing these on an inactivated 
feeder cell layer in a suitable medium; 

ii) generating blastocyst-derived stem cell bodies by dissociating colonies formed in 
step i) into smaller aggregates or individual cells, followed by transferring said aggre- 
gates or individual cells to non-adherent containers where they are incubated in a suit- 
able medium; 

iii) plating the blastocyst-derived stem cell bodies in containers in a suitable medium; 

iv) selecting nestin-positive neural precursors in ITFSn medium; 

v) expanding pancreatic endocrine progenitor cells in, N2-medium comprising B27 
media complement and basic fibroblast growth factor; 

vl) changing the medium to a basic fibroblast growth factor-free N2 medium. 
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The manual dissection may be performed by using glass capillaries as a cutting tool. 

The human blastocyst-derived stem cells employed in the above-mentioned method are 
typically those obtained as described herein. 

5 

More specifically the medium used in step i) is human blastocyst-derived stem cell me- 
dium, the medium used in step ii) is blastocyst-derived stem cell body medium, and the 
medium used in step iii) is blastocyst-derived stem cell body medium. 

10 Nicotinamide may be added after step vi). 

A kit according to the invention may also be applied to the above-mentioned method. In 
this case, the kit comprises at least two of the following components in separate com- 
partments; mitomycin C, hBS medium, BS cell body medium, ITSFn-medium, N2- 
15 medium, B27-media supplement, nicotinamide, and bFGF. 

The kit may further comprise an essentially pure human blastocyst-derinved stem cell line 
obtained by the method according to the present invention. 

20 The invention is further illustrated by the following figures: 

Figure 1: Blastocyst (before pronase treatment) from which human BS cell line 167 was 
established. 

Figure 2: Blastocyst (after pronase treatment) from which human BS cell line 167 was es- 
25 tablished. 

Figure 3: Blastocyst 167 two days after plating on embryonic mouse fibroblasts. 
Figure 4: Human BS cells at passage 69 cultured on embryonic mouse fibroblasts. 
Figure 5: Human BS cells at passage 71 cultured on embryonic mouse fibroblasts. 
Figure 6: Alkaline phosphatase in BS cells (10X) 

30 Figure 7: Alkaline phosphatase in BS cells (40X) 

Figure 8: Expression of molecular markers for undifferentiated human BS cells. (A) RT- 
PCR analysis of total RNA extracted from undifferentiated (ud) and from differentiated (d) 
human BS cells for the presence of Oct-4, insulin, GLUT-2, glucagon, and PDX-1 mRNA. 
In controls the reverse transcriptase was omitted (-RT). p-actin serves as housekeeping 

35 gene. (B) shows the presence of alkaline phosphatase by immunostaining in undifferenti- 
ated human BS cell colonies. (C) Analysis of SSEA-1 expression by immunostaining of 
undifferentiated human BS cell colonies. (D) Undifferentiated BS cells were immunoposi- 
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tive for SSEA-3 (data not shown) and SSEA-4. (E) Immunopositive human BS cell colo- 
nies for TRA-1-60 and in (F) for TRA-1-81 showing their undifferentiated status. Magnifi- 
cation 40X. 

Figure 9: Karyotyping of BS cells 
5 Figure 10: Teratoma analysis: Bone 

Figure 1 1 : Teratoma analysis: Cartilage 
Figure 12: Teratoma analysis: Skeletal muscle 
Figure 13 Teratoma analysis: Kidney glomeruli 
Figure 14: Teratoma analysis: Rosettes of neural epithelium 
10 Figure 15: Teratoma analysis: Glandular epithelium 

Figure 16: Teratoma analysis: Mucous-producing epithelium 

Figure 17. Human BS cells differentiate in vitro into all germ layer cell types. Correspond- 
ing fluorescent micrographs show immunopositive cells stained with germ layer specific 
markers after 10 days in vitro. (A and B) show examples of neuroectodermal cells ex- 
15 pressing nestin for neuronal precursors(A) and P-lll-tubulin for postmitotic neurons (B) 

while (C) shows examples of mesodermal cells immunoreactlve for Desmin; (D) examples 
of cells expressing a-fetoprotein. 

Figure 18. Immuno staining for nestin in in vitro differentiated human BS cells. 
Figure 19. Immuno staining for insulin in in vitro differentiated human BS cells. 
20 Figure 20. Immuno staining for p-lll-tubulin in in vitro differentiated human BS cells. 

Definitions and abbreviations 

As used herein, the term "blastocyst-derived stem cell" is denoted BS cell, and the human 
25 form is termed "hBS cells". 

As used herein, the term "blastocyst-derived stem cell bodies" is denoted "BS cell bodies". 

As used herein, the term "EF cells" means "embryonic fibroblast feeder". These cells 
30 could be derived from any mammal, such as mouse or human. 

One suitable medium used in the invention is termed "BS-cell medium" or "BS-medium" 
and may be comprised of; KNOCKOUT® Dulbecco's Modified Eagle's Medium, supple- 
mented with 20% KNOCKOUT® Serum replacement and the following constituents at 
35 their respective final concentrations: 50 units/ml penicillin, 50 ^g/ml streptomycin, 0,1 mM 
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non-essential amino acids, 2 mlVI L-glutamine, 100 ^M p-mercaptoetlianol, 4 ng/ml hu- 
man recombinant bFGF (basic fibroblast growtli factor). 

Another suitable medium for the present invention is "BS cell body medium", this may be 
5 comprised as follows; KNOCKOUT® Dulbecco's Modified Eagle's Medium, supplemented 
with 20% KNOCKOUT® Serum replacement and the following constituents at their re- 
spective final concentrations: 50 units/ml penicillin. 50 ^ig/ml streptomycin, 0,1 mM non- 
essential amino acids, 2 mM L-glutamine and 100 |a,M p-mercaptoethanol (Itskovitz-Eldor, 
J. et al.,2000). 

10 

In the present context the term "stable" is intended to denote proliferation capacity in an 
undifferentiated state for more than 21 months when grown on mitotically inactivated em- 
bryonic feeder cells. 

15 The invention will now be described with reference to the following examples. The exam- 
ples are included herein for illustrative purposes only and are not intended to limit the 
scope of the invention in any way. The general methods described herein are well known 
to a person skilled in the art and all reagents and buffers are readily available, either 
commercially or easily prepared according to well-established protocols in the hands of a 

20 person skilled in the art. All incubations were in 37°C, under a CO2 atmosphere. 

Examples 
Example 1 

25 Establishment of an essentially pure preparation of undifferentiated stem cells 
from spontaneously hatched blastocysts 

Human blastocysts were derived from frozen or fresh human in vitro fertilized embryos. 
Spontaneously hatched blastocysts were put directly on feeder cells (EF) in BS cell me- 

30 dium (KNOCKOUT Dulbecco's Modified Eagle's Medium, supplemented with 20% 

KNOCKOUT Serum replacement, and the following constituents at the final concentra- 
tions: 50 units/ml penicillin, 50 ^g/ml streptomycin, 0.1 mM non-essential amino acids, 
2mM L-glutamine, 100 ^M p-mercaptoethanol, 4ng/ml human recombinant bFGF (basic 
fibroblast growth factor), supplemented with 0.125 mg/ml hyaluronic acid. After plating the 

35 blastocysts on the EF cells, growth was monitored and when the colony was large enough 
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for manual passaging approximately 1-2 weeks after plating) the inner cell mass cells 
were dissected from other cell types and expanded by growth on new EF cells. 

Example 2 

5 Establishment of an essentially pure preparation of undifferentiated stem ceiis 
from blastocysts with an Intact zona pelluclda 

For blastocysts with an intact zona pellucida, a brief pronase (10 U/ml, Sigma) incubation 
in rS2 (ICM-2) medium (Vitrolife, Gothenburg, Sweden) was used to digest the zona, after 
10 which the blastocyst was put directly on the EF cell layer in BS medium supplemented 
with hyaluronic acid (0.125 mg/ml). 

Example 3 

Histo-chemical staining for alkaline phosphatase 

15 

The cells were harvested for RT-PCR and histological (alkaline phosphatase) and immu- 
nocytochemical analysis (see below). 

RNA isolation and RT-PCR. Total cellular RNA was prepared using Rneasy Mini Kit 
20 (Qiagen) according to the manufacturer's recommendations. The cDNA synthesis was 

carried out using AMV First Strand cDNA Synthesis Kit for RT-PCR (Roche) and PCR us- 
ing Platinum Taq DNA Polymerase (Invitrogen). Histochemical staining for alkaline phos- 
phatase was carried out using commercially available kit (Sigma) following the manufac- 
turer's recommendations. 

25 

Example 4 

Preparation and culturing of hBS cell line 

Mouse embryonic fibroblasts feeder cells were cultivated on tissue culture dishes in EMFI- 
30 medium: DMEM (Dulbecco's Modified Eagle's Medium), supplemented with 10% FCS 

(Fetal Calf Serum), 0,1 ^M p-mercaptoehanol, 50 units/ml penicillin, 50 ^g/ml streptomy- 
cin and 2 mM L-glutamine (GibcoBRL). The feeder cells were mitotically inactivated with 
Mitomycin C (10 ^g/ml, 3 hrs). Human BS cell-colonies were expanded by manual dissec- 
tion onto inactivated mouse embryonic fibroblasts feeder cells. 

35 
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Human BS cells were cultured on mitotlcally inactivated mouse embryonic fibroblasts 
feeder cells in tissue culture dishes with BS-cell medium: KNOCKOUT® Dulbecco's Modi- 
fied Eagle's Medium, supplemented with 20% KNOCKOUT® Serum replacement and the 
following constituents at their respective final concentrations: 50 units/ml penicillin, 50 
5 |ag/ml streptomycin, 0,1 mM non-essential amino acids, 2mM L-glutamine, 100 |aM p- 
mercaptoethanol, 4 ng/ml human recombinant bFGF {basic fibroblast growth factor). 
Seven days after passage the colonies were large enough to generate BS cell bodies. 

BS cell colonies were cut with glass capillaries into 0.4x0.4 mm pieces and plated on non- 
10 adherent bacterial culture dishes containing BS cell body medium: KNOCKOUT® Dul- 
becco's Modified Eagle's Medium, supplemented with 20% KNOCKOUT® Serum re- 
placement and the following constituents at their respective final concentrations: 50 
units/ml penicillin, 50 ng/ml streptomycin, 0,1 mM non-essential amino acids, 2 mM L- 
glutamine and lOOjiM p-mercaptoethanol (Itskovltz-Eldor, J. et al., 2000). The BS cell 
15 bodies, including cystic BS cell bodies, formed over a 7-9-day period. 

Example 5 

Passage of hBS cells 

20 Before passage the hBS cells are photographed using a Nikon Eclipse TE2000-U in- 
verted microscope (10X objective) and a DXM 1200 digital camera. Colonies are pas- 
saged every 4-5 days. The colonies are big enough to be passaged when they can be cut 
in pieces (0.1-0.3 x 0.1-0.3 mm). The first time the cells are passaged, they have grown 
for 1-2 weeks and can be cut in approximately four pieces. 

25 

The colonies are focused, one by one, in a stereo-microscope and cut in a checkered pat- 
tern according to the size above. Only the inner homogeneous structure is passaged. 
Each square of the colony is removed with the knife, aspirated into a capillary and placed 
on new feeder cells (with the maximum age of 4 days). 10-16 squares are placed evenly 

30 in every new IVF-dish. The dishes are left five to ten minutes so the cells can adhere to 
the new feeder and then placed in an incubator. The hBS medium is changed three times 
a week. If the colonies are passaged, medium is changed twice that particular week. 
Normally a "half change" is made, which means that only half the medium is aspirated 
and replaced with the equal amount of fresh, tempered medium. If necessary the entire 

35 volume of medium can be changed. 
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Example 6 

Vitrification of hBS cells 

Colonies with the appropriate undifferentiated morphology from the cell line are cut as for 
5 passage. 100-200 ml liquid nitrogen is sterile filtered into a sufficient amount of cryotubes. 
Two solutions A and B are prepared (A: 800 |jl Cryo PBS with 1M Trehalose, 100 |jl ety- 
len glycols and 100 )jl DMSO, B: 600 |jl Cryo PBS with 1M Trehalose, 200 pi etylen gly- 
cole and 200 pi DMSO) and the colonies are placed in A for 1 minute and in B for 25 sec- 
onds. Closed straws are used to store the frozen colonies. After the colonies have been 
10 transferred to a straw, it is immediately placed in a cryotube with sterile filtered nitrogen. 

Example 7 

Seeding of embryonic mouse feeder (EMFi) cells 

15 The cells are inactivated with EMFi medium containing Mitomycin C by incubation at syc 
for 3 hours. IVF-dishes are coated with gelatin. The medium is aspirated and the cells 
washed with PBS. PBS is replaced with trypsin to detach the cells. After incubation, the 
trypsin activity is stopped with EMFi medium. The cells are then collected by centrifuga- 
tion, diluted 1:5 in EMFi medium, and counted in a Burker chamber. The cells are diluted 

20 to a final concentration of 170K cells/ml EMFi medium. The gelatin in the IVF-dishes is 
replaced with 1 ml cell suspension and placed in an incubator. EMFi medium is changed 
the day after the seeding. 
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